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PREFACE TO THE SECOND EDITION. 


It has been the object of the author, in writing this book, to present 
the subject of Biochemistry in close relationship to Physiology, so 
that the student may perceive the intimate dependence of these 
two sciences upon one another and come to regard physiological 
chemistry in its true light, as the foundation upon which we must 
ultimately build our interpretations of the functions of living matter. 
Emphasis has been placed upon the practical applications of the 
subject, and not only upon applications to the practice of medicine, 
but also upon applications to the industries and to general biology, 
for while the design of the author has been primarily to write a text-f 
book for the use of medical students ami students intending to special^ 
ize in biochemistry and physiology, the attempt has also been nia<le 
to compile a work vvhicli ^^ill be of service to the agricultural student, 
the student of general biology or the industrial chemi.'^t who is engaged 
in handling biological products. 

In this edition a number of changes and a considerable amount of 
new matter ha^'e been incorporated. These emeiulatioii'^ and additions 
have, in part, been rendered necessary by the advances in our knowl- 
edge which have occurred since the first eilition was written, ami, 
in part, have been imlicated b\ the experience gained in the emplo\- 
ment of the book as a text for students of medicine aiifl science. The 
author has also adopted mam suggestions which he has received from 
friends and review’ers. ^Yhlle these are too numerous to acknowd- 
edge individually, he wishes to record his particular indebtedness to 
Dr. Charles T. Olcott, Prof. Hardolph Wasteneys and his colleague. 
Prof. E. H. Bennie. 

Almost every chapter has undergone a considerable measure of 
re\’ision. The section dealing with the regulation of the Neutrality of 
the Blood and that which deals with Metabolism in Diabetes have 
been much expanded by the incorporation of new material and fuller 
treatment of the old. The chapter on Growth has been almost entirely'' 
rewritten and a new chapter has been added on the Belationship of 
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Grow til to Diet. New sections have been added dealing with Race- 
mized Proteins, the Functions of the Nucleic A(*ids and the Inclusion 
of the Kiivironment as a Factor in the Evolution of the Higher Animals. 

The chapter entitled “The Outlook” has not been revise^l in any 
way. As the panorama of scientific progress ceaselessly unrolls before 
us, we catch indistinct and shifting glimpses, here and there, of devel- 
opments which impend and of achievements which approximate ever 
more nearly to our powers. The vision differs with the beholder and 
with his situation in time, for it is inevitably but a series of fragments 
of a whole which does not yet admit of being conceived. What has 
been written in this chapter may therefore stand as well as any other 
forecast, as a statement of impressions received and hopes which 
appeared to be not wholly unwarranted at a particular stage in the 
development of our knowledge in this most fertile field of scientific 
endeavor. T. B. R. 

Adelaide, South Austra-uia, 1924 
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PEINOrPXiBS OF BIOCHEMISTRY. 


IXTE.OI>t:CTIOX. 

TTTK 2TATim3S A3fm SCOPS OF TSTB SITBJSCT. 

The subject-matter of biochemistry is the application of the known 
principles of chemistry and physical chemistry to the stud\" and inter- 
pretation of life-phenomena; of the processes, that is, of digestion, 
assimilation, respiration, growth, reproduction, muscular contraction 
and the like, which combine to distinguish living from inanimate 
matter- From this definition it must be clear that biochemistry 
possesses A'ery dose affiliations with both animal and vegetable physi- 
ology, for physiology is the study of the in which societies, indi- 

viduals, organs and cells perform their functions, and since each anti 
every function of living matter ultimately involves or depends upon 
chemical changes, to this extent the study of each and every function 
of living matter becomes a part of the s>ubjeet-matter of biochemi&tr\ . 

The distinction between physiology ami biochemistry i-^ in fa<‘t an 
arbitrary one, depending very largely’ upon convenience and upon the 
contemporary limitations of our knowledge- 

So long as we possess no clue whatever to the nature of the i>roce'^se'^ 
which underlie or accompany a life-phenomenon, the •^tudy of that 
phenomenon and of the method of its performance is, be\oml aii\ 
question, an exclusively physiological problem Hxit directl\ we take 
the first steps toward ascertaining the nature of the rhetuicnl phe- 
nomena w’hich accompany its performance, we are taking, ai-^<i, the 
first steps tow'ard incorporating tlus problem into the subject of bi<j- 
chemistry. 

The historical growth and development of the subject have illustrated 
very aptly these natural affiliations. In the beginning, and that oiil\ 
one brief generation ago, biochemistry was an undifferentiated portion, 
a minor branch of physiology, and formed the subject of a bare half- 
dozen lectures delivered by the professor of physiology- Gradually 
the need of special training for the study of this subject and its con- 
tinually increasing magnitude and practical importance have led men 
to make a special study of it apart from that of the parent-sub ject- 
The labors of these men have quickly added countless phenomena 
to their special domain, and so important are these, and so funda- 
mental is the part which biochemistry now plays in medicine, agri- 
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culture and the industries, that almost everywhere the study of bio- 
chemistry ranks with that of anatomy, physiology and pathology as 
one of the studies fundamental to the understanding of medical science, 
or with botany, plant-physiology and bacteriology as one of the studies 
fundamental to the understanding of agriculture. 

It must not be supposed, however, that the withdrawal of biochem- 
istry from the parent-subject has left physiology any the poorer. 
Physiology has not been Irft merely with a residuum of undigested 
material, ultimately to be absorbed by the biological chemist. On 
the contrary, with the development of biochemistry, physiology has 
developed, too, and that to an extent unimagined by its founders. A 
few generations ago, physiology was a little-considered fragment of the 
study of anatomy, just as, one generation ago, biochemistry was a 
little-considered portion of the study of physiology. The same differ- 
entiation has separated the teaching of biochemistry from physiology 
as that which has separated the teaching of chemistry from that of 
physics. We may regard physiology as consisting for the present of 
the study of the applications of anatomy and physics to the elucidii- 
tion of life-phenomena, together with the entire study of a residuum of 
phenomena and processes which are for the present passed by in bio- 
chemistry simply because we do not as yet possess any clue whatever 
to the nature of the chemical processes which underlie them. 

Hence, physiology is destined ultimately and at some as yet far 
distant date to become the study of the interpretation of life-phenomena 
by the aid of the principles of anatomy, gross and minute, and physics. 
Biochemistry is the study of the interpretation of life-i)hen()tncna by 
the aid of the principles and facts of chemistry. Physiology investi- 
gates the molar and molecular phenomena of life, biochemistry the 
atomic. 

Of course, this division is arbitrary and unreal, just as tlie distinc- 
tion between physics and chemistry is arbitrary and unreal. Nature 
recognizes no such classification of her phenomena. Pli.v\sies mergc\s 
insensibly into chemistry and in like manner physiology merges into 
biochemistry. An illustration of this fact has been strikingly afforded 
in recent times by the rapid development of jihysical chemistry, a 
whole borderland between physics and chemistry, which has uiulergone 
such extensive survey within the last generation as to demand a note- 
worthy degree of special training on the part of those who would 
attempt to master it. Even the delineation of this domain has not 
by any means removed all of the debatable land,’^ however, that 
lies between physics and chemistry; witness the recently discovered 
phenomena of radioactivity, which have opened up yet another field 
of investigation which is neither physics nor chemistry. And so it is 
with physiology and biochemistry. There is an indefinite, '' debatable 
area"^ between the two, and many if not most of the problems in either 
field require the aid of both physiology and biochemistry for their 
solution. 
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The investi^tor of Nature cannot afford to hamper iumself by 
arpitrarj’ definitions and delimitations of his field. When the need 
arises he must be prepared to use the tools which the problem 
mr, be they the tools of physics, chemistry, mathematics, anatomy, 
bacteriologj' or pathology. The teacher is somewhat more con- 
strained. He cannot caipr his pupils too far from the center of the 
subject in hand, lest their lack of preparation ^ould render them 
unable to follow him. Even so, however, the student of biochemistry 
^tII often have occasion to dwell, in his studies, upon certain aspects of 
problems which the physiologist has made peculiarly his own, and the 
medical student will frequently find himself studjang one and the same 
problem in his course in biochemistry and again in his course in physi- 
ologj'. Nevertheless, he will find that he is not merelj' repeating his 
w;ork, not merely covering old ground, but that, on the contrarj*, the 
phj siologist and the biochemist have each of them something different 
to say, displajnng the problem in different lights and dwelling upon it 
in different connections. 

W e ^ve stated that the science of biochemistry consists in the inter- 
pretation of life-phenomena in the light of the facts and principles 
of chemistry. The question may here very naturally arise in the Tnind 
of the reader. How can it be possible to apply chemistry to the inves- 
tigation of living matter? True, we can attempt to ‘analyze living 
matter, to separate chemical constituents from it and to identify them. 
But, then, directly we begin to analyze living matter it ceases to be 
living matter. The reagents which we emploj' immediately “kill” 
it, that is to say, abruptly suspend its characteristic functions and 
disperse and dissolve the minute structures of protoplasm which are 
the phj sical substratum upon which its functional activities are reared. 
Unquestionably, an amoeba which has been boiled in hydrochloric 
acid may yield interesting products, but then it is no longer an amoeba, 
and the products which analysis yields bear only a remote relationship 
to those which were originally present in the living organism. 

To find out what is actually occurring in hting matter, \ie must, 
therefore, employ methods of investigation somewhat analogous to 
those which the physical chemist employs in the investigation of what 
is actually occurring in flames. First, we study the nature of the sub- 
stances which enter the flame, then we study the properties and 
behavior of the flame itself, always taking care to do so by the aid of 
instruments which do not disturb the flame, and finally we ascertain 
what substances the flame gives off. From these various and frag- 
mentary data we endeavor to reconstruct in our minds a coherent 
picture of the train of events as they actually occur, and this endeavor 
wdll be the more successful in proportion to the extent, the variety 
and the exactitude of our measurements. 

So far as posable, then, we must bring static and not dynamic methods 
of mensuration to the study of living matter, methods, that Is, which 
do not involve the cessation of the very processes which we desire to 
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investigate. Often, it is true, we can successfully employ destructive, 
dynamic methods to find out many important things. For example, 
in the study of digestion, we can destroy the living cells which form the 
lining mucous membrane of the stomach, and, having destroyed them, 
extract from them a substance. Pepsin, which will digest proteins, even 
in glass vessels in laboratory incubators. In this way and by similar 
methods we can study the changes which are brought about in our 
foodstuffs when they enter the alimentary canal. Even in a fairly 
simple case such as this, however, the dynamic method does not 
altogether suffice, for we find that within the alimentary canal itself 
the foods are digested much more rapidly than we can digest them with 
the aid of ferments in laboratory glassware. Some condition other 
than mere warmth or mechanical agitation, which we have not yet 
fully succeeded in imitating, very materially aids the action of these 
ferments in the cavity of the living alimentary canal. 

By such phenomena as these we are constantly being reminded that 
it is not by any means safe to argue directly from the behavior of dead 
fragments or products of living tissue to that of living tissue itself. 
The results of dynamic experiments which involve the actual destruc- 
tion of the living tissues which we are investigating only afford a 
starting-point, therefore, or an orientation, for our guidance in a 
repetition of the experiment under actual living-conditions. 

Biochemistry, therefore, falls very naturally into two fields of study, 
differentiated by the methods of investigation employed The one 
field, that which has until recently been the peculiar interest of the 
“physiological chemists,” consists m the study of the crude substances 
which enter into the life-flanie and the products which leave it. The 
foodstuffs and the excreta, and, incidentally, the composition of dead 
matter that once was living, also the study of the action and reac'tion 
of fragments of living or dead protoplasm upon the food or upon one 
another, these, until comparatively recently, comprised the whole 
activity and interest of chemistry in the investigation of living matter 
It is obvious, however, that while knowledge of these things is an 
essential prerequisite to the understanding of the chemical phenomena 
of life, yet they are far from yielding information as to the nature of 
life-processes themselves. It was for this reason, and with justice, 
that one of the greatest contributors to our knowledge in this field, 
G. von Bunge, exclaimed in 1894, “All processes in the organism which 
may be explained mechanically are no more phenomena of life than arc 
the movements of the leaves and branches of a tree that is shaken by 
the storm, or the movement of the pollen that the wind wafts from the 
male poplar to the female.”^ We were at that time hovering upon 
the outskirts of the main problems, since actual penetration of them 
was necessarily deferred until the momentous advances of physical 
chemistry placed in our hands the necessary implements and knowledge 
to essay the task. 

1 Lehrbuch der Physiologmcheu und Patbologischen Chemie, 3te Au£l., Leipzig, 1804 
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Our second field of study, then, consists in an analysis of the chemical 
phenomena ‘w'hich accompany or underlie the activities of living, imdis- 
turbed, and more or less normally functioning protoplasm, a field which 
until recently was almost exclusively the preoccupation of the experi- 
mental biologist.’^ Inevitably, how^ever, these two phases of chemical 
inquiry, so closely affiliated, so mutually dependent, are coming to rely 
more and more intimately upon each other, and hence are being welded 
more and more firmly into one. Experimental biology, drawing upon 
the rich resources of physiological chemistry, is immensely increasing 
its exactitude and its certainty, while physiological chemistry, on the 
other hand, is rapidly widening the horizon of its inquiries in response 
to inspiration drawn from the field of experimental biology. In this 
work we will recognize no distinction between these fields, but endeavor, 
in so far as the limitations of our knowledge permit, to interweave them 
into one coherent representation of the complex tissue of chemical 
processes which constitutes life and its immediate consequences- 

THE DEGREE OF EXACTITUDE ATTAINABLE IN BIOCHEMISTRY. 

In the so-called exact sciences,’’ to wit, mechanics and physics, 
we have, as a rule, the power to isolate more or less completely any 
phenomenon or group of phenomena "which we wish to study, and to 
guard them from disturbance by the intrusion of accidental variables. 
For example, it is not a difficult matter to demonstrate that a falling 
body experiences a constant acceleration, the most serious intrusi\"e 
variable being the friction of the air, a variable w^hich can now be very 
readily excluded in a variety of ways.^ Similarly, in chemistry, it is 
not a difficult matter to observ^e the progress and equilibrium of such 
a reaction as, for example, the reduction of iron oxide by hydrogen. 
The chemicals are procurable in pure condition, only one reaction 
occurs, and it is a simple matter to exclude other chemicals and to 
Keep the temperature and pressure of the system constant. In organic 
chemistry much more complex phenomena are encountered. It is 
the exception rather than the rule to find a reaction which proceeds 
evenly and without disturbance by side-reactions or secondary decom- 
positions. To detect regularities and establish “laws” in such a 
system is a task the more complex the greater the number of adventi- 
tious variables. 

The difficulties which are encountered in studying organic reactions 
in laboratory glassware are enormously magnified in studying reactions 
which occur in living matter. The life of any one cell consists in a 
multiplicity of parallel reactions, interrelated, interdependent, and 

1 It must be remembered that the friction of the air, which to us presents no difficult^*, 
was to our ancestors an insuperable obstacle to the measurement of gravity. In exactly 
the same way insurmountable obstacles vUiich at this day defeat our ends in physiologi- 
cal or biochemical research will appear of trivial importance to our mtellectual heirs 
As a rule, such obstacles merely imply that we are attacking the problem from the wrong 
angle. 
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interwoven into a bewildering complex. Multicellular organisms, 
such as ourselves, consist of millions of such cells. When the reader 
is reminded that the reactions in each organ or group of cells, and 
possibly even in each individual cell, possess an individual character 
of their own, and that these reactions are excessively sensitive to 
external agencies, the complexity of the task of unravelling the separate 
reactions and tracing their individual progress must be evident. 

It follows from the complexity of tlie phenomena that the regularities 
and relations observed by the biochemist are rarely capable of formula- 
tion with such precision as those which arc observed by the physicist 
or chemist. To illustrate this fact, let us consider the difficulties 
attendant upon the investigation of one of our simplest problems, to 
wit, that of the mode of action of the protein-digesting ferment Trypsin. 
We have first of all to overcome the difficulty of obtaining pure pro- 
tein. That obtained (and a “pure” protein in the sense that inoi’ganic 
reagents may be “pure” has never been prepared), we then have the 
difficulty of obtaining a pure trypsin, a difficulty which has never 
been even partially overcome. In fact, wc certainly possess no pure 
trypsin and we have, moreover, no method of ascertaining how imi)urc 
our preparations are. Not only are our preparations of trypsin impure, 
but they frequently contain several ferments which digest ])roteins, 
a fact which has only recently come to be ai>preciatcd. Notwith- 
standing all these obstacles we have found that if trypsin be allowed 
to act upon protein, with certain necessary precautions, a n^gularity 
may be observed in the rate of decomposition of the i)rotein by the 
ferment, and this regularity may be even formulated in mathematical 
terms. We are not surprised to find, however, that the agreement 
between the formula and the experimental measurements (of (quantity 
of protein digested) is not extremely exact. Under very favorable 
conditions the requirements of theory an<l the findiogs of the investi- 
gator may agree to within 1 per cent of their mean value In a purely 
chemical problem an agreement to within one-tenth of a ])er cent is 
anticipated and not infrequently obtained. In physics or in astronomy 
an agreement to within one one-hundredth of a per cent is not in the 
least exceptional. As the uncontrollable adventitious variables bc*- 
come fewer, it will be observed, the agreement between formuhe an<l 
experimental data becomes more and more precise. 

Hypotheses of a more general character, not admitting of mathe- 
matical formulation, share in this disadvantage, and hence it arises 
that a larger proportion of hypotheses in biological sciences are of 
uncertain or very questionable validity than of those in the so-called 
“exact” sciences. But the difference is merely a matter of degree 
and tends progressively to diminish. All scientific hypotheses and 
“laws” are subject to a marginal inexactitude, and all human precision 
is relative. As our acquaintance with any field of investigation grows 
more extensive, the width of the margin of inexactitude diminishes, 
and that is all. For example, no “law” formerly appeared of more 
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extensive applicability or capable of more precise mathematical 
formulation than Ne\vi:on’s law, that bodies attract one another as 
the inverse square of their distance apart. Yet certain astronomical 
data, de\iations in the orbit of the planet Mercurj",^ pointed to the 
possibility that even this law might not be exact and that the true 
exponent of the distance might in truth not be 2 but 2.0000001612. 
The margin of inexactitude was here represented by the minute fraction 
0.0000001612, but it was here, nevertheless, and in recent years this 
minute deviation from Newton’s law has come to be regarded as 
affording one of the most important verifications of the Theory of 
Relatmty. And so it is with all scientific h\T)otheses. Our laws, 
formulations and h:^T>otheses are merely temporary shorthand state- 
ments of our acquaintance with the facts. As our acquaintance with 
the facts grows larger we must re\dse our shorthand to express our 
accessions of knowledge. The shorthand is not the knowledge itself. 
Science, in reality, consists solely in our knowledge of facts and our 
control of the forces of Nature and not of the hypotheses w'hich we 
formulate by the way in order to summarize our present state of 
knowledge and stimulate the imagination to fresh inquiries. Biology 
is, in truth, no less an “ exact” science than any other, than astronomy, 
for example, but its hypotheses are subject to much more frequent 
and thorough revision than those of physics or astronomy, simply 
because our knowledge of the field is less and is growing more rapidly. 

The w'hole theory of the scientific method of thought has in fact 
been based by the great founders of science upon the assumption of 
the fallibility of purely intellectual operation'^, and hence of the 
untrustw’orthiness of h\'potheses. Newton’s famous rule, ""Hypo- 
theaes non while impracticable for the individual investigator, 

remains, nevertheless, true of science as a whole, of the boJ\’ of ex^tct 
knowledge, that is, which endures the test of time and endows man- 
kind with the pow’er of ruling and directing the multifarious and 
stupendous forces of Nature. During the centuries w’hich have 
been marked by the acquirement of this knowledge, countless hypoth- 
eses have been formed and accepted for a while, and then abandoned 
as evidently absurd. But the forw'ard march of exact knowledge 
has never suffered interruption and, not infrequently, indeed has been 
very much facilitated by the most ob\dously erroneous hypotheses 
The phlogiston theory of heat is perhaps the most striking example 
of this kind. It was a most patently erroneous h^^pothesis, built up 
by perfectly sound reasoning based upon imperfectly’ understood 
facts. Yet for a hundred years the mere existence of this hyi^othesis 
was the greatest contemporary stimulus to the development of chem- 
istry, and it ultimately led to the establishment of the conception of 
the conservation of matter. 

As the curves of the geometrician approach and yet never actually 


1 C/. article on Gravitation, En<arclopedia Bntanniea, 11th edition 



24 


INTRODUCTION 


attain their asymptote, so do we continually approach and never yet 
have we attained the utter truth. The merit of the scientific method 
of thought lies in the fact that the otherwise circular speculations of 
humanity, ever returning unprofitably to the point from which they 
started, have had a thrust communicated to them which has deflected 
them into a perpetually widening spiral, reaching further and ever 
further into the infinite, promising knowledge commensurate only with 
the immensity of the universe and power to which no man dare set a 
limit. 

If, then, our present conceptions in biochemistry arc subject to 
rapid and comprehensive modification this affords no legitimate basis 
for scientific cynicism or indiscriminate skepticism. On tlic contrary, it 
is a hopeful augury, testifying to the youth of the subject and tlie vast 
development that lies before it. No subject, indeed, promises more 
immediate developments of stupendous significance to man. The 
control of life itself, no less, is the alluring aim and destiny of the 
medical and biological sciences, and the basis of every step in the 
acquirement of this control must inevitably be founded on a knowledge 
of the chemical processes which underlie and constitute life. We may 
be well content, with such a prospect before us, to resign absolute 
certainty to the political doctrinaire. For ourselves, dwelling amid 
uncertainties and hazards, a<lvancing like bold navigators in uncharted 
seas, we will turn our faces toward the new and wider horizons which 
always lie before us. We will regard a hypoth(\sis as an Jiistruinent 
of research, like a balance, a burette, or, better still, a (*om])ass; a guide 
and a stimulus to investigation, but a more a])i)ro\iination to the truth 
which we trust will gradually apiiroach closer and \et closer to verity 
as our knowledge grows in extent and ])roHferat(*s in detail. 

THE PREPARATION REQUIRED FOR THE STUDY OF 
BIOCHEMISTRY. 

No amount of courage and enthusiasm, however, will siifFic'c to alto- 
gether compensate for lack of preliminary training and a(*(iuircd skill 
in those branches of science upon which bioclicinistry is founded aiul 
from which it originates. Biochemistry is, in the first ])lacc, and most 
essentially, an outgrowth from organic chemistry, and an acciuaintance 
with the general principles of that science and the simjiler laboratory- 
procedures most frequently employed in it is as essential to the under- 
standing of biochemistry as a vocabulary of French words is to the 
understanding of Moli^re in the original. In this work I will suppose 
the reader to be acquainted with organic structural formulae and the 
general principles according to which they are inferred from the 
behavior of the substances to which they are applied.^ 

The modern developments of biochemistry, and particularly those 

1 Tho reader whose previous training m this subject has been deficient may consult 
10 V McCollum, Organic Chemistry for Students of Mediciiio, New York, 1910. 
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^hich aim at the interpretation of the processes underlying the per- 
ormance of function, involve the application of the elementary princi- 
^ physical chemistry, and there can be no doubt whatever that 
the future and most momentous developments of the subject are 
d^tined to^ involve physical chemistry* more and more extensively*. 
Ihe essential principles are neither numerous nor abstruse, good 
elementary text-books of the subject abound, and the student is 
earnestly* recommended, if he has not previously* received training in 
this subject, to acquire for himself a suitable handbook of phy*sical 
chemistry*,^ and to consult it frequently* in the course of his studies 
in biochemistry*. 

The intelligent employmient of the elementary* principles of phy*sical 
chemistry* implies a nodding acquaintance with the so-called "higher 
nmthematies, ^ but far more than for the mere understanding of 
phy*sical chemistry*, mathematics is an essential instrument in the 
handling of quantitative measurements of any* kind whatsoever. 
Every branch of science is in its youth qualitative, and in its maturity* 
quantitative. Even taxonomy* has been converted by* the discoveries 
of Mendel into a quantitative study’* involving in some instances very* 
complex mathematical operations. Biochemistry* is at the present 
juncture passing through a species of adolescence and emerging by* 
very rapid stages from the qualitative into the quantitative stage of 
development. The student who would prepare himself for the future, 
therefore, would do well to acquire such rudiments of mathematical 
skill as may* be necessary for the elucidation of principles which he 
will unquestionably* be called upon to comprehend. Mathematics is 
in reality* a symbolic language which expresses in brief terms a series 
of interrelated facts and considerations which w*ould otherwise be too 
intolerably* complex to retain simultaneously* in the mind By acquir- 
ing mathematical facility*, therefore, the student is not augmenting 
the complexity* of his task but simplify*ing it. 

The applications of phy sical chemistry to biological problems 
necessitate, of course, an elementary* kiiow'ledge of the differential 
calculus and the simplest methods of integration.- All of the w*ork 
upon ferments and digestion in its quantitative and most important 
aspects now* demands the employment of the calculus. As an example 
of the "wider and at first sight unexpected applications of this mathe- 
matical technique, the reader is referred to the important w*ork of 
Barcroft,^ "which has marked an epoch in our understanding of the 
respiratory* functions of the blood and w*hich could never have y*ielded 
one tithe of the information obtained w*ithout the employment of the 
methods of the differential and integral calculus. 

^ For ex a m ple, E. W. Washburn: An Uitroduction to the Principles of Ph^-sical 
Chemistry, New York, 1916 A Findlay Practical Physical Chemistry, London, 1914. 

® The student may consult J. Edwards Differential Calculus for Begiimers and 
Integral Calculus for Beginners, while for the methods of applsrmg the calculus to the 
solution of scientific problems, the student would do well to read Perry’s Calculus for 
Engineers, London, 1897. 

* The Respiratory Function of the Blood, Cambridge, 1914 
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A moderate familiarity with the elementary principles involved in the 
solution of differential equations would also, upon occasion, be found 
very useful.^ In the treatment of quantitative data and the graphic 
representations thereof it is frequently necessary or desirable to apply 
a formula to the curves obtained or to compare them with the curve 
which may be deduced from theoretical premises. In this extensive 
field of practice a knowledge of the proper method of dealing with and 
minimizing the effect of accidental experimental errors is required and 
the employment of the method of least squares is essential if the best 
use is to be made of the experimental material which may be available.*'* 
For purposes of fitting empirical formula^ to curves, eliminating 
excessively erroneous results and interpolating probable values between 
values which have actually been measui*ed, a study of the methods 
of interpolation and mechanical differentiation is exceedingly valualile 
and helpful.® 

But perhaps the most essential branch of mathematical practice in 
the equipment of the biochemist of the future will consist in the 
methods of the statistician. When we come to de.al with actually 
living material, as we are compelled to do in order to advance our 
subject at all in its most significant direction, we arc at once con- 
fronted by the problem created by the inherent vanahilitij of living 
things. No two animals are alike, not even may we find any two living 
cells which are precisely identical Jn agri(‘ulture no two plots of 
ground are alike, no two plants are ever identical. How, then, in 
comparing experimental animals or plants or jdots of ground with 
“normals” or “controls” shall we ever attain to certainly of our 
results? It would seem that it must always he possible that the differ- 
ences between any two groups of animals may merely be the prodiu t 
of chance selection of two groups which might hav(; dilVered in the 
observed sense without any experimental manipulation whatsoi^ver. 
This difficulty, the fundamental character of which is rccognize<l by 
every biological investigator, is, of course, not of so much imi>ortanei‘ 
in those cases in which the differences for which we arc looking are very 
large, as death contrasted with survival, decisive k)ss of weight c*ou- 
trasted with equally decisive gain, or reduction or enhau(*ement of 
normal qualities by 50 per cent or more. But phenomena such as 
these are the obvious ones in any field of science, those which lie at the 
surface and are garnered by the earliest investigators, and they are not 
invariably, and in fact not usually, the phenomena upon whic*h we 
ultimately come to rely for the basis of wide and fundamental gener- 
alizations. Such emphatic disparities testify in themselves to the 
unusualness of the conditions invoked, and hence carry the suspicion 

1 Muiray* Intioductory Course m Diffeiential Equations, Eondon, 1897. 

s M. Meiiiman. Text-book on the Method of Least Squaics, Now York, 1891. L. 
Tuttle. The Theory ot Measmement, Philadelphia, 1910 

® H L. Rice The Theory and Practice of Interpolation, Lynn, Muss , 1S99. J. 
Mellot. Higher Mathematics for Students of Chemistry and Physios, London, 1902. 
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that the response to such extreme conditions may not be a normal or 
at least a usual reaction of li\dng matter to its emdronment. For our 
deeper understanding of life which is to come, therefore, we must learn 
to rely with confidence upon relatively small and fluctuating disparities 
between groups composed of very variable material. This can be 
done in one •way and in one way only, namely, by employing the 
methods of the statistician, whereby we may accurately gauge the 
relative values of observations obtained vith variable material, com- 
pute the number of obser\"ations necessary to attain a given degree 
of certainty or accuracy, place in their proper perspective extreme or 
overlapping variations in aberrant individuals, and, in short, render 
measurements upon even such variable material as li^ing organisms 
just as precise as the measurements employed in quantitative analysis. 

The student of biochemistry would be well advised, therefore, to 
acquire the simple mathematical technique which is requisite for the 
employment of statistical methods,^ but he should remember that this 
branch of mathematics above all others abounds in pitfalls for the 
unwary, and he should be sure that he perfectly comprehends the 
simple fundamental principles which underlie these methods before he 
attempts to put them into practice.^ If the reader should desire to 
gain a conception of the variety and scope of the possible applications 
of the statistical method to problems of biochemistry, experimental 
biology and agriculture, he may consult the recent work of Loeb and 
Wasteneys upon the applicability of the Bunsen-Roscoe law to animal 
heliotropism,^ of Wa\mick upon the distribution of nitrify iiig bai'terid 
in soils, ^ of the author upon the growth of children, ° of Harris aiul 
Benedict upon the variations of basal metabolism,*' and of Sherman 
upon the minimal requirements of certain dietar\' constituents in man" 

The Subdivisions of the Subject.— In this work will endeavor 
to follow^ up the foodstuffs from the moment when they are partaken 
of to the moment wdien, after having circulated through the body and 
shared in its life, their final products are excreted. The tiubject- 
matter is divided into six parts, corresponding with v ariou:^ phases of 
the c\ cle of changes W'hich the foodstuffs undergo The £>ubdi\ i-^ioiis 
are as follow: 

Part /.—The Foods, their properties, digestion, assimilation and 
conversion into living matter or into reserve-materials. The coiiMclera- 

1 The Student may conbult G Udney Yule An Intioduetion tu the Ibeoij tit 
Statibtics, London, 1911 For tablob and foimulse the atudent may retei to < ’ li 
Davenport Statistical Methods, New York, 1904 

2 Probably the best introduction to the fundamental conceptions of piobability 
which form the basis of the statistical method is contamed m the clas&ical little memoir 
of W A Whitworth, entitled Choice and Chance, Cambridge, 1901 

^ J Loeb and H. Wasteneys Jour Fxper Zool , 1917, 22, 1S7. 

^ D D. WajTuek. Umversity of California Publications m Agricultural Sciences 
1918, 3, 243. 

® T Bradsford Robertson Am. Jour Physiol , 1915, 37, 1 and 74; 1910, 41, oS.i, 
and 547 

® J A Harris and P. G, Benedict Jour Biol. Chem., 1921, 46, 257 

7 H C Sherman* Jour. Biol. Chem , 1920, 44, 21. 
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tion of this phase of our subject takes us up to the point at which the 
foodstuffs, subjected to certain modifications, have really been con- 
verted into living protoplasm. This leads us naturally to the consider- 
ation of the second phase of our subject, namely: 

Part II . — The manner in which the properties of the foodstuffs 
mould and determine the properties of living protoplasm. 

Part Jfi.— In proceeding to consider the activities apart from the 
merely passive 'properties of living matter, we are at once confronted 
with the significant fact that the multicellular organisms, like our- 
selves, are really immense societies composed of innumerable minute 
units which are the individual living cells. We have in this society a 
governing authority, the central nervous system; a postal-telegraphic 
system, die peripheral nervous system; a laboring class, the muscles 
and glandular tissue-cells; distributing agencies, the blood and lymph , 
and with all of these not a rigid central autocratic control, but a very 
considerable degree of local autonomy. Every cell is working, not by 
deliberate instruction, but as a part of its very specialized life. In 
order to avoid confusion in so vast a complex of semi-independent 
units, numerous cooperative mechanisms must be present to adjust 
supply to demand and effort to need. These mechanisms imply a 
certain correlation of distant parts; for instance, between the neuro- 
muscular system which controls the respiratory movements and the 
need of the tissues for oxygen. This correlation of different and often 
widely separated activities is brought about by the intera<‘tion of two 
distinct types of agency, nervous and chemical. In so far as this 
correlation of activities is brought about by chemical agen(*ies, it will 
fall under consideration in this third phase of our subject. 

Part IV. —In this part we will endeavor to attack the very kernel of 
our problem, that part of our studies which is destined to i:)rovi<le the 
ultimate foundation of the practice of medicine aiul in no small nieasuri' 
of agriculture also. The chemical phenomena which underlie^, a(*c*()in- 
pany or even actually constitute the living activities of cells will her(‘ 
be our preoccupation, and we will incidentally study, so far as our frag- 
mentary knowledge at this time permits, the changes which the food- 
stuffs or constituents of protoplasm undergo at the instant of tlu^r 
utilization for the furtherance of vital functions. Here we will find 
our most alluring problems and our least extensive knowledge, here is 
the region in which must occur the greatest conquests which he before 
us and those which will exercise the most fundamental and far-reaching 
effect upon our own lives and the lives of those who will follow after us. 

Part V.—ln this part we will take up the study of the waste products 
which ultimately result from the activities of our tissues, the ashes, the 
products of combustion and the d§bris which result from the daily 
maintenance and furtherance of life. 

Part VI.— In this part, regarding the entire body as a chemical 
machine, somewhat crudely comparable to a steam-engine, we will 
discuss the question of the effijcimcy of the machine and the relation- 
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ship of the hopse-pow“er it can de'srelop to the nature and value of the 
fuel with which it is provided. It is in this connection that we will 
discuss data which may enable us in some measure to answer the 
question, AVhat investment of particular tj'pes and mixtures of fuel 
will return the greatest interest in the form of efl5.cient work on the 
part of this very complex machine, a human being? (Given, of course 
the incalculable psychological asset of good will.) This is the type of 
problem with which the governments of the world are grappling 
today, and in proportion as we can contribute to its answer, we are 
assisting, not merely to guide civilization and humanity safely through 
the most dangerous crisis of all its long history'', but also to solve a 
perennial problem which the War merely rendered acute a little earlier 
than would otherwise have been the case, the problem, namely, of 
correlating production and distribution with the fluctuating needs of 
the scattered populations of the "world. The specialization of the 
occupations of peoples and areas which has so characterized the 
development of civilization in the past century' carries w'ith it inherent 
dangers which approach more and more near as the process of 
specialization extends. The specialized indi\'idual is al-waj's depend- 
ent upon others for his support- The specialized city or nation is 
dependent upon the "world. The mutual dependency of peoples which 
our multifarious modern activities has evoked compels attention, in 
w'idely separated parts of the world, to the needs of remote and alien 
w'orkers. These needs are chemical in their basis, and biochemistry 
alone can supply us "with the exact knowledge which is necessary to 
adjust them. 
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CHAPTER I. 

THE SIGlSriFICANCE OF FOOHSTUFFS. 

THE CZXElVEECAi:. RELATIOHSUZP OF AIO'llVCAr.S ANI> PLAINTS. 

In considering the nature of the foods and their elaboration into 
living matter, it is necessary in the first place to realize that the foods 
of multicellular animals, such as ourselves, are at the same time the 
constituents out of which living matter is built up. This becomes 
evident when we recollect that the majority of our foodstuffs consist 
of matter that was formerly living or which is derived from matter 
that was formerly living. Meats and vegetables and grains are, of 
course, matter that was a while ago alive, that is now arrested in it? 
function and more or less rapidly decomposing into more elementary 
substances, but still contains, for the most part, the components *-)f 
living protoplasm Perhaps they are not linked together in precisel\ 
the way in which the\ are linked together in truly I icing matter, and 
perhaps the fact that this matter is no longer living is attributable to 
this disturbance in the linkage of its constituents. Still, the con- 
stituents are there, and we apjjropriate them, modify them in ">ome 
degree, and build them up into our own tissues Other foodt^tuil-^, 
siich as sugar, are directly extracted from living tis'-,ues in \\ hic*li tlic*\ 
form stores or reserves of energy, for example from beets or sugar-canes, 
and these are likewise appropriated to our own use 

In this respect we differ very materially from the plants, the fotxls 
of which are in general very much more elementary than ours Plants 
are actually able to build up living tissues out of substances which huA e 
in themselves no necessary connection with Ihdng protoplasm; out of 
mineral salts, water and carbon dioxide. For this reason it used to be 
thought that only plants possessed the power of synthesizing the actual 
constituents of living matter, and that we, without doing any fresh 
construction, simply sort out and appropriate these preformed con- 
stituents and thus live in a state of parasitism upon the vegetable 
world. 

The discovery by Schmiedeberg and Runge, in 1S7(3, of the synthesis 
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of hippuric acid from benzoic acid and glycocoll in the tissues of the 
kidney,^ disposed of this untenable distinction, and while we are ce3> 
tainly to be regarded as primarily parasitic upon the vegetable and 
lower orders of the animal kingdom, yet we are not so unable to create 
constituents of living matter, as earlier investigators imagined. We 
know now that animal tissues can perform a multiplicity of syntheses 
whereby constituents of protoplasm are made which the food does not 
contain preformed. It will be found, however, to be a general charac- 
teristic of syntheses carried out in animal tissues that the storage of 
energy or heat-value which is accomplished thereby is usually small, 
whereas in green plants syntheses are accomplished which involve the 
locking-up, for longer or shorter periods, of very large quantities of 
energy; for eons as in coal deposits, or for the brief period of a single 
winter, as in the seeds which consume their stored-up energy when 
they germinate in the spring. 

The reason for this distinction is not far to seek. The green plant 
has an inexhaustible reservoir of energy upon which to draw, the 
radiant energy of the sun; and the energy which is locked up in the 
starches, fats and proteins, wliich plants synthesize from the most 
elementary products of combustion, is derived in the long run from 
the sun. The animal has no comparable capital to draw upon, and 
if an animal is to perform a synthesis involving absorption of heat or 
energy, it can only do so at the expense of its current account, that is 
to say, by the degradation of its own tissues or food reserves. On the 
whole, therefore, and with the exceptions noted, green plants arc the 
prime conservers of energy, while the function of annuals is to dissqiate 
it again. The whole fever and bustle of life upon the earth is therefore 
none other than a transitory phase through which continually passes 
a minute fraction of the colossal outpourings of solar energy. 

THE CONSERVATION OP MATTER. 

Whatever may be the relative efficiency of diifcrent t.^'pes of proto- 
plasm as storers of energy and creators of living matter, tliey arc all 
alike subjecj to the law of the Conservation of Matter.^ That is to say, 
although an animal or plant cell may create new chemical coiiqiounds; 
new permutations and combinations of the chemical elements, it cannot 
create new elements. All of the carbon in its tissues must have been 
derived, for example, from carbon from without. If an animal gives 
off nitrogen in the form of urea it must either take up fresh nitrogen 
from without, or else its tissues must remain permanently poorer in 
nitrogen. 

1 That this synthesis occurs m some organ or tissue of the body had been recognized 
by Wohler as early as 1824 

® The apphcabihty of the law of the Conservation of Matter to living organisms was 
fibrat demonstiated by its discoverer, the French chemist Lavoisier (1743—1794), and 
subsequently confirmed m detail by Liebig (1803-1873). 
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Now it is s^f-evident tlia.t we are continually voiding waste prod- 
ucts, urea and very many other substances in the urine, carbon dioxide 
and wateivvapor in the breath, and various items of waste in the sweat 
and in the feces. I*^urthermore, despite this rapid and continual loss 
of substance, when we are adult we remain tolerably constant in weight 
and composition, that is, if we are healthy and neither becoming 
emaciated nor growing fat. It follows that, as a general rule, we must 
be taking in from without not only just as much total substance as we 
are losing daily in these various ways, but also just as much of each of 
the individual elements, nitrogen, carbon and so forth, as we are daily 
voiding- This intake of elements constitutes the act of feeding, and 
the forms in which we take in these elements are our Foods. 

THB Cl.ASSIFICATIOH' OF FOODSTUFFS. 

As has been stated, our articles of diet are more complex than those 
of the plants. Plants can utilize the carbon in carbon dioxide, but we, 
in order to replace our carbon-waste, must use some more complex 
compound of carbon, in fact, as our daily experience reveals, either a 
carbohydrate (sugars, starches, etc-), a fat, or a protein- Otherwise 
we inevitably suffer from carbon-starvation. Plants, again, can derive 
nitrogen from nitrates in the soil, but we, more dependent, can only 
derive the nitrogen which we need from preformed protein. IMineral 
and other inorganic foods we only utilize to replace or provide mineral 
or inorganic constituents of our tissues; we cannot utilize them directly 
to build up carbohydrates or fats as plants can Our foodstuffs fall, 
therefore, into four main classes, to wit 

1. The Inorganic- Foods, such as water and mineral salts. 

2. The Carbohydrates, such as the sugars and starches. 

3. The Fats. 

4. The Proteins. 

To which must be added certain accessory articles of diet, to whic*h 
frequent reference will be made, which are of vital importance to the 
maintenance and furtherance of life, but yet do not necessarily fall 
within any of the above-mentioned classes. 



CHAPTER II. 

THE INORGANIC FOODSTUFFS. 

WATER AND SODIUM CHLORIDE. 

We can readily understand how the need for the orf^anic foodstuFs 
arises — the fats, carbohydrates and proteins — for they arc fuels which 
in the course of combustion give up a certain number of heat-units 
which can be utilized in the performance of all the work which an 
animal daily accomplishes. yVe can also readily understand how the 
need for Water arises. Protoplasm consists very largely of water. 
Over 70 per cent of our body-weight is water, and consequently we 
living animals are reservoirs or sacks of water which are at tlic same 
time porous. Just as an earthen jar containing water will gradu- 
ally but continuously lose the water by evaporation frt>m the outer 
surface of the jar, so we also lose water continually, by evaporation 
from the skin and from the respiratory epithelium in the lungs, apart 
from the water which is daily lost in urine and which serves the purpose 
of flu shin g the excreta out of the conduits of the body. < \>nseciiieiitly 
a need for water arises, a need of the cells and tissues which is ex]>rcsscd 
in otir consciousness by that indefinite sensation which we c*all “ thirst.” 

But it is not so clear why we should require Mineral Salts. We do 
not decompose them. They can yield us no energy. It is not at oiic‘c5 
evident why we should lose them as we cannot hcli> losing water, "^’et 
we do lose them daily, and that daily loss must be re]>lac‘t'-d. We daily 
take in sodium chloride and it reappears as sodium <‘blori<le ni tlus 
urine. At the end of its passage through the tissues it a]>])ea,rs unal- 
tered, yet it has unquestionably performed a function and indeed many 
functions during its sojourn in our bodies. 

The probable nature of some of these functions will be more <*learly 
apprehended at a later stage, when we take up the consideration of the 
relationship between the properties of living matter and those of its 
constituents. But having regard at present only to the beginning an<l 
the end of the cycle of processes in which the mineral salts of the diet 
take part as they pass through the body, the question presents itself. 
What is the daily loss of mineral salts and what must be the daily intake 
to recoup the body for this loss? 

The mineral salts which are found in our tissues are, for the most 
part, supplied in abundance in our diet. 'We do not consciously seek 
for them as desirable in themselves. A remarkable exception to this 
rrde is afforded by common salt, sodium chloride, of which we feel 
impelled to seek an additional supply. This fact is the more remark- 
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able because all of our ordinary’- articles of food contain abundance of 
sodium chloride, yet however much of other diet we may eat we still 
experience salt-hunger, a hunger which, under certain conditions, may 
become positively distressing. 

In this connection it is noteworthy that a very close parallelism 
exists between the nature of the diet of different animals and peoples 
and their requirement of salt; a parallelism which was first pointed out 
and interpreted by the physiological chemist von Bunge. 

Very many of the animals whose diet is purely vegetarian experience 
a desire for salt. Carnivorous animals, on the contrary, such as the 
dog or cat, not only do not desire salt, but actually exhibit an aversion 
for salted food. This is very well illustrated by well-known habits of 
many of the wild animals. It is a fact commented upon in nearly 
every book of traveller’s and hunter’s tales, that the hoofed animals, 
the deer and so forth, of which the dietary is exclusively vegetable, 
deliberately seek for salt, in salt-pools and eflSiorescences, where they 
lick the salt, and will travel very long distances to do so. As all readers 
of travel and adventure know, it is at salt licks that hunters watch 
for such game. On the other hand, salt has never an\" attraction for 
the wild beasts of prey. 

This difference of behavior becomes all the more striking when we 
reflect upon the fact that, weight for weight, a herbivorous animal 
takes in with its ordinary food just about the same quantity of sodium 
and chlorine per day as a carnivorous animal. Each receives the 
same allowance of salt Yet the herbivora experience a longing for 
more salt and the carnivora do not. 

The reason is obviously to be sought in some other difference between 
these dietaries than that of their contents of sodium chloride. Now 
one very striking difference is found between the mineral contents of 
vegetable and animal food. Vegetables nearly all contain a super- 
abundance of potassium salts. Animal flesh, on the contrary, con- 
tains sodium and potassium in nearh" equal proportions, so that 
although a herbivorous animal obtains just as much sodium chloride 
per day as a carnivorous animal, \et it obtains in many cases no less 
than six times as much potassium as a carnivorous animal does It 
is in fact a general rule, to which there are but few exceptions, that in 
plant-tissues potassium predominates very greatly over sodium, 
while in animal tissues these mineral bases are present in approxi- 
mately equal proportion. 

Von Bunge sought to trace the origin of the craving which herbiv- 
orous animals experience for salt to the excess of potassium in the diet. 
Suppose that a salt of potassiiun, say potassium citrate, gains entrance 
into the blood by having been ingested with the food. On arri\'ing in 
the blood-stream, the potassium citrate meets with an excess of sodium 
chloride, for in the blood-plasma, or fluid part of the blood, sodium 
predominates very greatly over potassium. Of course, a certain degree 
of interchange of ions will take place. A proportion of the potassium 
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citrate will react with sodium chloride to form potassium chloride aud 
sodium citrate, in accordance with the equation: 

CH.COOK CBiCOONa 

i/OH -♦ I /OH 

O + 3NaCl C + 3KCI 

j\COOK *- j\COONa 

CHiCOOK CHjCOONa 

and an excess of sodium citrate appears in the blood together with an 
unusual excess of potassium chloride. Of course, a similar intcrc^hange 
would take place, with analogous results, if the salt ingested were 
potassium tartrate, malate or any other of the organic salts of potas- 
sium which are so frequently abundant in vegetable tissues. 

Now it is a function of the kidneys, as the reader will soon come to 
appreciate very fully, to keep the composition of the blood very nearly 
constant. They act, in fact, with the utmost precision, picking out 
and rejecting abnormal or excessive constituents. The com]iosition 
of the blood cannot vary beyond the slightest extent without the super- 
vention of grave disturbances involving all the tissues of the bocl>\ 
As a result of the ingestion of potassium citrate, tartrate, malate or 
other potassium salts which are found in vegetables, We have seen that 
a new salt of sodium is formed in the blood-i>lasma, to wit, sodium 
citrate, tartrate, malate or what not This ahnonnal (*onstituent is 
straightway picked out and eliminated by the kidn(\>’s, together with 
as much as possible of the excess of potassnim chloride, and thus as a 
result of the ingestion of potassium salts the blood is robbed of both 
sodium and chlorine 

This theoretical deduction can very readily be illustrated (experi- 
mentally. Von Bunge collected his urine from da,\" to (la>' and 
measured the diurnal excretion of sodium lie then sim])I,\^ addi^l 
IS grammes of K^O, in the form of citrate or phosphate, to his daily 
diet. The twenty-four-hour excretion of sodium (estimated as Na*.()) 
immediately increased by 8 grammes. Now 18 grammes of Iv/) is 
not at all an unusual amount to ingest along with a vegetable di<‘t. 
If one were to satisfy one’s protein requirements with potatoes, as 
many Irish peasants do, for example, one would obtain no less than 
40 grammes of K.,0 per diem. 

One result of subsisting upon a vegetable diet, therefore, is a con- 
tinual abstraction of sodium and chlorine from the blood. Now tlie 
blood resists most strongly any alteration in its composition. The 
reader will come to appreciate more and more clearly, as this work 
progresses, how intimately the most fundamental activities of the body 
are dependent for their continuance upon the unalterable composition 
of the blood. The slightest alteration even in the ratio of sodium to 
potassium in the blood would work havoc with our tissue-activities. 
Hence the blood must recoup itself, and it can only recoup itself by 
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abstracting sodium and chlorine from the tissues. Thus the tissues, 
in consequence of a vegetable diet, are robbed of sodium chloride. 
They experience salt-hunger, a want which finds psychological expres- 
sion in an indefinable longing for things which taste salt. 

That the desire for salt which so many herbivorous animals expe- 
rience is really attributable to the nature of their diet is remarkably 
illustrated by the habits of various human races. Von Bunge has 
collected together, by exhaustive inquiries from travellers, explorers, 
and works of travel, a quantity of information regarding the consump- 
tion of salt amoifg different peoples. Only to cite a few among very 
numerous instances: Country people in Europe, at all events where 
habits have become fixed by centuries of adherence to the soil, eat 
more vegetables and less animal food than the dwellers in cities. For 
instance, in France, where the collection of internal revenue upon salt 
facilitates the acquirement of statistical data, it has been found that 
the consumption of salt per head is thiee times as great in the country 
districts as in the cities. Then there are whole tribes of nomads in 
various parts of the world who are hunters, such as certain tribes of 
the old North American Indians, some Arabian and Siberian tribes 
and the Bushmen of South Africa. These people live, or used to live, 
exclusively upon a flesh-diet, and they never taste salt. In fact, as a 
rule, the^’ find salt very disagreeable and consider the use of it by 
Europeans ridiculous. Not only is this the case with tribes who have 
lived for generations upon a flesh-diet, but it applies also to Europeans 
who visit them and adopt their diet. Thus one traveller informed 
von Bunge that while he lived among the Tunguses, an exclusively 
carnivorous tribe which dwells in Siberia, he subsisted entirel\' upon 
reindeer-flesh and game, and never experienced the slightest desire for 
salt or inconvenience from the lack of it. 

Very different was the experience of the Scotch explorer Mungo 
Park, when travelling among the negro tribes of West Africa. These 
people live upon a mixed diet containing a very high proportion of 
vegetables. Salt is very rare m their country, and, as the vegetable 
diet causes a longing for salt. Park states that among the natives, to 
say that a man eats salt with his meals was equivalent to saving that 
he was rich. In Park’s own words “In the districts of the interior 
salt is the greatest of all delicacies. It strikes a European very 
strangely to observe a child sucking a piece of rock-salt as if it were 
sugar. I have frequently seen this done. I myself have found the 
scarcity of this natural product very tr^nng. Constant vegetable 
food causes a painful longing for salt that is quite indescribable. On 
the coast of Sierra Leone the desire for salt is so keen among the negroes 
that they gave away wives, children, and ever^iJiing that was dear 
to than in return for it.^^ 

Hunting tribes, therefore, who subsist on flesh, experience no need 
for salt and never eat it even when it is easy to obtain. Agricultural 
tribes, on the contrary, experience a keen desire for salt. A peculiar 
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confirmation of von Bunge’s interpretation of this phenomenon is 
afforded by the custom of one tribe to which von Bunge refers, the 
negro inhabitants of a region in the neighborhood of Khartoum. 
These natives manufacture or formerly manufactured a salt of thoii* 
own, by igniting the ash of a plant belonging to Salsola, or salt-wort 
group- As has been stated, the majority of plants contain a much 
larger proportion of potassium than of sodium. The plants of the 
Salsola group are quite peculiar in the respect that their ash contains 
a much higher proportion of sodium than of potassium. The empIo.>'- 
ment of this particular plant-ash among all the others that miglit 
have been tried can hardly be considered accidental — iu other words, 
it must have been found to satisfy a desire not equally readily satisficcl 
by the ashes of other plants. 

The relation of a need for salt to the partaking of a vegetable diet 
has had several peculiar historical consequences. For example, in the 
Mosaic Law, the Jews are expressly commanded to present their 
vegetable offerings to the Deity accompanied by salt. In (^reck and 
Roman times, sacrificial animals were offered up to the Gods without 
salt, but the fruits of the earth with salt. 

The effect of eating salt with our food is, therefore, to widen the 
circle of palatable foods. We all know how insipid potatoes taste 
without salt. That is probably attributable to their high content of 
potassium, unusual even in plants. By adding salt to our diet we are 
able to render potatoes palatable, and so with many more foodstiids 
of vegetable origin. 

So far, all of the facts which we have cited arc in excellent harmony 
with the view that a diet containing an excess of potassium salts gi\x\s 
rise to a necessity and a desire for common salt. Not every animal 
appears to experience this desire, however, for rabbits and hares, for 
example, live on a diet containing an excess of jiotassium salts and yet 
do not seek for salt and do not appear to experience any inconvenieiu*(' 
from lack of it. Domestic herbivorous animals will live without incon- 
venience on a purely vegetable diet without salt in<lefinitely, although 
they will eat salt when it is offered them and unmistakably find it 
gratifying. None of these live on a diet so excessively rich in potassium 
as potatoes, for example, but, nevertheless, there is no question but 
that they must ingest a large excess of potassium salts. Yet the 
blood-plasma of such animals remains of the usual composition, con- 
taining an excess of sodium over potassium. 

Here we meet for the first time with a phenomenon which is of very 
general occurrence in living matter, namely, the phenomenon of selec- 
tive assimilation by tissues. Living tissues, as we shall have occasion 
to note many times, are not mere passive recipients of whatever may 
be contained in the fluids which bathe them. They choose and select 
suitable ingredients in suitable proportions and reject unsuitable or 
excessive ingredients. A remarkable illustration of this is afforded by 
an experiment of Landsteiner’s. He fed young rabbits upon meadow- 
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hay exclusively for three and a hah months- At the same time a 
similar batch of animals was fed exclusively upon cow’s milk. Now 
these two diets contained very different relative amounts of sodium 
and potassium, hay being much richer in potassium than in sodium, 
and milk richer in sodium than in potassium. Yet at the end of the 
period the composition of the blood obtained from the two groups, 
as regards sodium and potassium, was identical. The tissues, not 
only the epithelium of the kidney but that of the intestine as well, 
actively choose the constituents which they will reject or absorb 
respectively. In just the same way a plant, living in water rich in 
sodium and poor in potassium, will, nevertheless, pick the potassium 
out and build it up into tissues which are rich in potassium and poor 
in sodium. But this power of selection is limited, and in extreme cases, 
as, for example, a diet so rich in potassium as potatoes, some aid is 
required, and sodium and chlorine in the form of common salt must 
be added to the dietary. 

From the standpoint of physical chemistry it is, of course, evident 
that selective absorption of mineral salts by the epithelium of the 
intestine or their selective elimination by the kidneys must involve 
the performance of work — ^the expenditure of energy. For the osmotic 
pressures of the various salts in the solutions batling the cells would 
tend to drive them into the absorbing or excreting tissues in propor- 
tion to their concentration, and if, on the contrarj^ they appear on 
the other side of these epithelial tissues in emphatic disproportion to 
their original concentrations, the process of assimilation or excretion 
must have involved the overcoming of the forces of Osmotic Pressure. 
The energy necessary to achieve this can only be derived from the 
combustion of other foodstuffs or constituents of tissues, which are thus 
robbed of the supplies available for carrying on the other cictivitie^ 
of the body. Selective absorption or excretion implies work, therefore, 
and anything which relieves the tissues in any measure of the iieeest)it^\' 
of exercising selection sets free a certain number of heat-units for other 
uses, or, in other words, improves the utilization of other foodstuffs. 
The gratification and frequent improvement in nutrition winch 
accompames the administration of salt to herbivorous animals may 
thus originate in relief of the tissues from the strain and burden of 
selection and the liberation of foodstuffs for the maintenance of other 
tissue-activities which is, in effect, equivalent to the addition of a 
certain amount of food to the accustomed dietary The beneficial 
effects of salt may therefore, and in the long run, reside not so much in 
the actual sodium and chlorine administered as in the additional car- 
bohydrate, fat, or protein which is thus rendered available for the 
maintenance and upbuilding of the body. 

It is probably for some such reason as this that the total mineral- 
requirements of the body vary exceedingly with the dietary upon which 
an animal is subsisting. Especially is this the case when the require- 
ment on a normal mixed diet is contrasted with that which obtains 
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when the diet is limited in such a way as to provide only those proteins 
of vegetable origin which are most remote in their composition from the 
proteins of animal' tissue. In such a diet a large proportion of the nitro- 
gen is wasted because, as we shall see in a subsequent chapter, the 
amino-acids into which the protein splits up on digestion are present 
in the wrong proportion and have to be resorted and selected in very 
different proportions in order to build up proteins of the animal type. 
It has been found that an animal subsisting on a diet of this kind suffers 
not only a large wastage of nitrogen, necessitating the consumption 
of a large quantity of food to maintain nitrogenous equilibrium, but 
also a large wastage of mineral constituents, so that it cannot be 
maintained in health or nutritive equilibrium without the addition 
to the diet of a considerable excess of mineral substances over the 
amount which would be required by an animal subsisting on a more 
varied diet. 


CALCIDM. 

During the early months of the growth of a suckling infant or animal, 
lime is very rapidly being absorbed and utilized by the tissues for the 
formation of bones. This calcium is totally derived from milk. Now 
the lime in milk is present therein in two forms, namely, in the form 
of calcium phosphate and in the form of a bulky, indiffusible compound 
with one of the proteins of milk, casein. The calcium phosphate is, 
of course, ionized, but the calcium caseinate, on the contrary, does not 
yield calcium ions in solution. 

When we add acids to milk, or when, owing to the action of bacteria 
upon the milk-sugar which it contains, lactic acid is produced in the 
milk, it assumes the curdled appearance which we are accustomed 
to associate with “ sour milk.” This appearance is due to the separa- 
tion of free Casein, uncombined with calcium, whicli has been abstracted 
from the calcium caseinate by the acid. Free casein is insoluble in 
water or very dilute acids and hence is precipitated in curds or flocculi, 
while the calcium is now present in the “sour” milk in the form of the 
calcium salt of the acid which has been added. 

Preasely the same thing happens when milk which has been ingested 
by the suckling comes into contact with the hydrochloric acid which 
IS contained in the gastric juice. Free casein, more or less modified by 
partial digestion, is precipitated and calcium is set free as calcium 
cliloride. 

There has been a good deal of discussion in the past as to whether the 
two forms of lime in milk are equally readily utilized by the suckling. 
In view of the above-mentioned facts, there would appear to be no very 
good reason for distinguishing between them, since in the stomach, 
where absorption begins, both forms of calciiun are reduced to a com- 
mon level by the conversion of the calcium caseinate into the ionized 
and diffusible chloride. 
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NotwitlMt^Ang this fact, it has been frequently argued that the 
caJcium which is combined with casein in milk is of superior nutritive 
\alue to that whi<i is present in the imlk from the beginning in the 
lorm of diffusible inorganic salts of lime. An experiment which used 
to be frequency quoted in support of this \uew was that of Lunin’s, 
who fed six mice upon a mixture of casein, fat and cane-sugar plus the 
morgamc salts contained in milk. These animals lived respectively 
twenty, twenty-three, twenty-nine, thirty and thirty-one days; whereas 
to'o mce of the same age fed entirely upon whole cow’s milk for a 
pmod of seventy-five days remained in good health at the end of 
the e^eriment. In the first eiqieriment the inorganic bases were all 
combmed with inorganic acids to form diffuable and ionizable salts. 
whCTeas m the second experiment the lime, at least, was combmed 
casein. Hence, it was argued, lime in the inorganic form did not 
fulfil the necessary requirements of the aniTinnlR 

This eiqieriment might easily have been seen from the first to be 
inconclusive, for natural milk and an artificial mixture such as that 
prepared by Lunin must obviously differ in many particulars besides 
the smgle particular of the d^sibility of the calcium. But in the 
light of our more recent accesrions of knowledge concerning the nutri- 
tion of animals it has become quite clear that Lunin’s experiment 
bears a verj” different interpretation to that which was originally put 
upon it. 

We know now, thanks to researches which will be detailed in a later 
part of this work, that besides a sufficiency of proteins, fat and carbo- 
hydrates, any diet which is to maintain animals in health for a con- 
siderable period must contain other essential consfituents w'hich are 
present in milk or in animal tissues in minute amounts. These con- 
stituents tall into three distinct classes, at least, and possibly as our 
knowledge increases will be found to be more numerous and more 
diverse in their chanical characteristics than we at present realize. 
The tlttee classes of these “ accessory foodstuffs” which are at present 
recognized, however, are in the first place the vitamins, which are 
nitrogenous, W'ater-soluble substances, in the second place a group of 
substances which are commonly found associated with animal fats, 
but are generally absent from vegetable fats and in the third place 
the unknown substance, or “ antiscorbutic accessory,” present in 
acid fruits, which prevents the development of Scurvy in animals which 
are susceptible to that disease. Thus, Hopkins has found that if 
animals be fed for a considerable period on milk-salts, casein and 
milk-sugar they will not survive, while the addition of a small amount 
of butter sufiSces to render the diet adequate for the needs of the 
animals. 

In the light of these facts it will readily be seen that Lunin’s experi- 
ment does not bear on the question of calcium-nutrition at all, but 
rather on the question of accessory organic foodstuffs. Furthermore, 
recent experiments have shown that the cane-sug^r employed by Lunin 
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in his artificial mixture is not by any means a sufficient substitute /or 
milk-sugar in the dietary of young animals. 

There is thus no evidence whatever that the two forms of lime in 
milk are not equally available and useful to the suckling, as we should 
expect them to be, from the fact that they are alike diffusible and 
ionizable very shortly after they arrive within the stomach. 

These considerations have an important bearing upon the practical 
question of the modification of cow’s milk for infant-feeding. It is 
the common practice to add lime-water (calcium hydroxide solution) 
to milk for young infants for two purposes; in the first place, in order 
to delay the acidHcation and consequent “curdling” of the milk by the 
hydrochloric acid in the stomach. This results in deferring the floc- 
culation of the casein until it has undergone partial digestion by the 
rennin and pepsin in the gastric juice, when the fUicculi which are 
formed are finer and more gelatinous and therefore more easily pene- 
trable by digestive juices than they are if curdling occurs witliout pre- 
liminary digestion; moreover, the postponement of tlie acidification 
of the stomach-contents prolongs the action of salivary Diastase upon 
the starches which may be contained in the diet and thus indirectly 
facilitates their digestion also. In the second place, the lime-water 
is added with a view to increasing tlie supply of lime to the infant aiul 
thus assisting the growtli of bony tissues, teeth, etc. From the latter 
point of view this practice has been decried in some quarters, on the 
ground that lime which is not organically combined is not so readily 
assimilated and utilized as calcium wliich is in organic combination 
We have seen that there is no experimental justification for this <hs- 
tinction, and even if there were, the lime-water which is added to 
milk immediately combines in considerable proportion with the casein 
to form a compound of exactly the same tyi>e, only richer in calcium, 
as that which is found in normal milk, so that the greater iiai’t of the 
calcium thus administered does in fact reach the stomach in a state 
of organic combination. 

It is, of course, quite another question whether administration of 
lime beyond a certain daily amount is of any value in assisting the 
growth of bony tissues. In this case, as in many other instances, 
experience has shown us that the effective administration of food- 
stuffs is limited by the ability of the tissues to utilize and elaborate 
them, any supply in excess of this being rejected and wasted. Thus 
defective utilization of lime may occur on diets whidi contain a suffi- 
ciency of calcium for normal requirements but are lacking in some 
other substance or combination of substances which is requisite for 
the emplojment of the calcium which is available. 

It has long been noted by physicians that children who have received 
an inadequate proportion of fat in their diet are especially prone to 
develop Rachitis. This is a disease in which proliferation of the bone- 
forming tissues leads to undue enlargement of the extremities of the 
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bones, owing to the delay or absence of the calcification which normally 
restrains the proliferation of these tissues- Enlargement of the joints 
results, with bending of the insuflSciently calcified bones. Treatment 
of rickets by administration of cod-liver oil has long been in vogue, 
and with remarkable success. The following figures, obtained by 
Hess and Unger among negro children in New York, are especially 
striking: 


Oil given, 
average 

Duration of 

Number of 

Infants not 
developing 

Infants 

developing 

Per cent 

total 

therapy 

infanta 

rickets 

rickets 

nonraehitir 

54 oz 

6 months 

32 

30 

2 

93 

23 oz 

6 months 

5 

4 

1 

80 

21 oz. 

4 months 

12 

7 

5 

5S 

Not given 

. 

10 

1 

15 

0 


It has been found possible by Mellanby to induce rickets in puppies 
by a diet containing inadequate amounts of milk, with white bread, 
linseed oil and yeast, or yeast and orange juice, to supply the water- 
soluble and antiscorbutic accessories. The addition to the diet of 
whole milk in sufficient amount (500 cc per diem), or of cod-liver oil, 
butter, suet, olive oil, lard, cotton-seed oil, meat, meat extract or malt 
extract, prevented the appearance of rickets. The majority of these 
substances, especially the cod-liver oil, contain an abundance of 
the fat soluble accessory, although lard, olive oil, cottun-^eed oil and 
meat extract, have generally been found to be lacking or deficient 
in this factor. Thus we are left in some uncertainty whether the 
constituent of the diet which is necessary for the proper utilization 
of lime is identical with the fat-soluble accessory foodstutt or nut. 
Shipley and McCollum have obtained a condition resembling rickets 
in rats deprived of the fat-soluble accessory, and enlargement and 
congestion of the junctions of the ribs vrith the ensiform cartilage has 
been brought about by similar means in kittens. Experiments upon 
milch goats, how'ever, have shown that fresh green oats induce more 
assimilation of calcium than dry oat straw, although the process of 
drjdng at low temperatures is known not to affect the fat-soluble 
accessory adversely- On the other hand, the water-soluble vitamin 
and the antiscorbutic accessory, both of w^hich are knowm to be injured 
by drying the tissues in W’hich they occur, have no effect upon the 
assimilation of calcium. 

The fact that deprival of the fat-soluble factor does not by itself 
invariably give rise to rickets, leads us to suspect that the etiolog^\' of 
this disease is complex and may depend upon several factors, dietary or 
other. The suggestion has been advanced that Rachitis may originate 
in the bacterial invasion of weakened tissues, susceptibility to bacterial 
infection being a very noticeable consequence of deprival of the fat- 
soluble accessory and also a characteristic feature of the rachitic con- 
dition. The complexity of the conditions which underlie and attend 
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the utilization of calcium by growing animals and children is further 
emphasized by the discovery of Hess that rachitis ma>' be considerably 
benefited by exposure of the skin to sunlight. All of these facts unite 
to show that the utilization of calcium for the building up of bony 
tissues does not merely depend upon the income of lime, but upon the 
means available for utilizing that income when it is received, and we 
will repeatedly find that like considerations apply to many other and 
probably the vast majority of the foodstuffs which constitute our 
habitual dietary. 

Defective development of bony tissues, therefore, may sometimes 
be attributable to deficiency of lime in the diet, but it is probably 
more often due to inability of the bone-producing tissues to utilize 
the lime which is presented to them. On the other hand, when unusual 
calls are made upon the tissues for lime the normal intake may not 
be equal to the output and the bones may part with calcium to redress 
the balance. This may occur in chronic poisoning with substances 
which remove calcium from the tissues, such as citrates or oxalates, 
or it may result in the female from activity of the mammary glaiuls 
Thus from 0.3 to 0.5 gram of calcium oxide per hundred pounds of 
bodyweight per day is sufficient to supply the minimum needs of a pig or 
goat which is not yielding milk, but a milch-goat requires an additional 
1 to 2 grams of calcium oxide per day for every pound of milk it 
yields. Insufficiency of lime in the diet under such c*irc*umstaiK*es 
results in actual withdrawal of lime from the skeleton, a condition 
which, when it becomes sufficiently acute to cause softening and bend- 
ing of the bones, is known as Osteomalacia. It is not to lie inferred, 
however, that osteomalacia is always due to deficiency of calcium in 
the diet. It may be due, as indicated above, to physiologK*al tlistnrb- 
ances or nutritional deficiencies leading to faulty utilization of tlu' 
calcium which the dietary affords. 

Calcium is excreted in part by the kidneys and in jiart by tlie 
intestinal mucosa. A high proportion of soluble phosphates in the 
diet tends to increase the output of calcium in the feces, iirobabl^' 
owing to the formation of calcium phosphate, whicli is insoluble in 
the alkaline fluids of the intestine. On the other hand, defective 
assimilation of the higher fatty acids (palmitic acid and stearic add), 
such as is caused by obstruction of the bile-duct and consequent defi- 
ciency of bile in the intestine, leads to the elimination of a large pro- 
portion of the dietary calcium in the form of calcium soaps in tlie 
feces, while the assimilation of Phosphoric Acid is actually increased, 
because the lime in the intestine, having been already removed from 
solution by the unabsorbed fatty acids, is not free to combine w.th the 
usual proportion of phosphoric acid to render it insoluble and there- 
fore unassimilable. 

Just as potassium salts increase the output of sodium in the urine, 
so, and for similar reasons, do magnesium salts increase the output 
of calcium in the urine. 
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IRON. 

Iron is an essential constituent of the red pigment of the blood. 
Hemoglobin. Since hemoglobin is the carrier of oxygen from the lungs 
to the tissue-cells, it is obvious that iron in this, if in no other capacity, 
plays a vital part in the economy of the body, but, in addition to the 
hemoglobin-iron, iron is also found, and not necessarily associated 
with hemoglobin, in other parts of the body. Thus the liver contains 
about 0.02 per cent of iron calculated on the basis of the fresh, undried 
organ washed free from blood. The muscles contain appreciable 
quantities of iron, especially heart-muscle, which contains about 0.01 
per cent of the fresh undried weight. In smaller quantities iron is 
found elsewhere in the body, regularly accompanying Nucleins and 
Nucleoproteins wherever they are found. 

The iron-content of the adult is subject, like that of other tissue- 
constituents, to daily losses. Experiments with starving individuals 
(and it is under conditions of starv^ation that the body is most economi- 
cal of its resources) show that the normal daily loss of iron in the feces 
is from 7 to 8 milligrammes, while in addition to this a daily loss of 
about 1 milligramme occurs through the kidneys. In all, then, it 
is probable that about 10 milligrammes of iron, or about of the 
total hemoglobin-iron in the body, is lost per day. This loss must be 
replaced from the diet. 

Under certain pathological conditions, or conditions of malnutrition, 
a loss of hemoglobin occurs from the blood and the patient is said to 
have become “anemic.’’ This loss of hemoglobin may, and on the 
other hand may not, be accompanied by a diminution in the number of 
red blood-corpuscles As might be anticipated, the result of this con- 
dition is suboxidatioii in the tissues with consequent symptoms which 
are sometimes of the severest gravity . These are very' well illustrated 
by' the chlorosis, or "green sickness,” which very' frequently' overtakes 
girls at the age of puberty'. From periods of remote antiquity', ante- 
dating by many' centuries our knowledge of the chemical composition 
and significance of hemoglobin, this disease has been combated by' the 
administration of inorganic salts of iron, and often with beneficial 
effect. For long it was thought, without any' question, that the salts 
of iron so administered were absorbed and that the beneficial effect of 
the medicament was due to the replacement of the iron in the blood 
by' the iron so administered. Doubt was thrown upon this explana- 
tion by' the discovery' that iron is eliminated from the body' in the 
feces. Doses of inorganic salts of iron, administered to healthy indi- 
viduals, were recovered apparently' unaltered in the feces, and from 
this fact the erroneous conclusion was dravm that inorganic salts of 
iron are not absorbed. The beneficial effects of iron in anemia were 
either denied, a denial in which practising phy'sicians declined to share, 
or else accounted for by' the irritant action of the salts of iron upon 
the epithelium of the intestinal tract. A mild irritation has a well- 
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known tonic” effect which is rather difficult to define in precise 
terms, but which is frequently manifested, not only by increased 
activity of the tissues which are stimulated, but also of other and 
sometimes distant tissues. The beneficial effects of iron were tlierefore 
attributed to increased activity of the tissues resulting in increased 
assimilation and utilization of the organically combined iron in the 
diet and not to direct assimilation of the iron administered as a 
medicament. 

Much has been done to clear up this question by the employment of 
microchemical tests to trace the course of iron through the intestine. 
When mice are fed upon milk alone for a considerable period, on placing 
the alimentary canal of these animals in ammonia and ammonium sul- 
phide the characteristic precipitate of iron sulphide does not appear, 
or at the most there is only a very slight green coloration. Now milk 
is one of the articles of diet which is poorest in iron, cow’s milk con- 
taining only about 2.3 milligrammes of iron per 100 grammes of dry 
substance. Very different results are obtained if the mice are fed 
upon milk to which inorganic salts of iron have been added. In the 
stomach there is little if any reaction for iron, while in the duodenum 
there is a marked green coloration. If the tissues of the intestine are 
examined under the microscope, little granules of iron are found 
imbedded in the protoplasm of the intestinal e])ithehum, and leuko- 
cytes are found laden with minute particles of iron. In the j('junum, 
however, and in the ilemn, very little iron is found, while m tlie cecum 
and large intestine a strong iron-test is once more obtained. 

Coming from the intestinal canal, especially from the duodcMium, 
the l^nnphatics may be seen filled with cells containing iron. The livvv 
and spleen give much stronger tests for iron than tliose of the mie<‘ 
fed upon milk alone. 

There can be no question, therefore, but that the inorganic iron- 
salts thus administered arc absorbed Part of tlie iron ai>p<‘ars to be 
conducted by way of the lymphatics to the thoracic diK‘t aiul the lilood- 
stream. Part is unquestionably conducted by the ]>ortal vein to the 
liver, which is a storehouse of iron as it is of many other things. ^Tlio 
absorption takes place mainly in the duodenum ; the ex<*retion of wast('- 
iron occurring, on the contrary, in the cecum aiul large iiitestiiuN 
although part of the small intestine may also participate in this 
function. 

It is one thing to show that inorganic salts of iron arc absorbed and 
it is another to show that they may be utilized in the building-up of 
hemoglobin. The iron in hemoglobin is very firmly and intimately 
combined, and cannot be detected by the reagents ordinarily employed 
for this purpose, such as ammonium sulphide or potassium ferro- 
cyanide. In fact, the iron in hemoglobin resists the action of boiling, 
concentrated potassium hydroxide and boiling hydrochloric acid. Only 
by dissolving the hematin radical (which is tiie iron-containing moiety 
of the hemoglobin-molecule) in concentrated sulphuric acid is the iron 
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split off and the hematin changed into iron-free hematiii, or Hemato- 
pozphTim. 

Most of the iron in our diet is in the form of hemoglobin or other 
organic compounds of iron from which free ionic iron is not readily 
split oflF- The yolk of eggs is very rich in iron, as might be anticipated 
from the fact that the yolk of an egg must contain all of the con- 
stituents necessaiy*- to form the hemoglobin of the developing embryo. 
The iron-compound in yolks of eggs is not hemoglobin, but some 
antecedent of hejnoglobin. On extracting the yolk of a hen’s egg with 
alcohol or ether, none of the iron goes into the extract. The residue, 
which contains all of the iron, is a mixture of proteins and nucleo- 
proteins. The iron cannot be extracted from this residue b^^ alcohol 
and hydrochloric acid, although inorganic salts of iron readily- yield 
up iron to these reagents. During the digestion of this iron-contain- 
ing protein by Pepsin in the stomach, the part containing iron does 
not go into solution and its digestion is not accomplished until it 
reaches the small intestine and comes in contact with the digestive 
fluid secreted by the pancreas. It is not digestible by pepsin, and in 
this and in other respects corresponds in its beha\nor to the class of 
bodies which the reader will later learn to recognize as Nucleins. The 
ordinary tests for iron are given by this substance, to which von 
Bunge gave the name “Hematogen,” but not so readily as by inorganic 
salts of iron On adding ammonium sulphide to an ammoniacal 
solution of this nuclein a greenish coloration is produced, which onl\ 
slowly changes to black on standing. In other words, ionized iron is 
at first only present in traces and is slowly split off from the coin- 
pound under the prolonged influence of the reagents. The compound 
thus behaves in a manner very like that of the protein salts of the 
heav\ metals, for instance, casein salts of silver, mercury and so forth, 
to which the reader’s attention will be directed in a later chapter. 
There is little reason to doubt that hematogen is simph a protein ^alt 
of iron in which the protein is acting the part of a weak acid, or else 
a double salt of protein and an inorganic* salt of iron. I^rottaii < oin- 
pounds of this t\'pe yadd no metal-ions in solution or, at the most, 
onl\' traces of them. 

Since compounds such as these are the onh forms in which we 
normalh receive iron in our diet, for w"e onh' i)artake of inorganic 
salts of iron as a therapeutic measure, there can be no question but that 
we can absorb, assimilate and utilize the iron contained in organic, 
non-ionized compounds. 

It w^ill be recollected that the iron in hemoglobin or hematin does 
not yield the ammonium-sulphide test for iron. On administering 
hematin or hemoglobin to mice which have undergone iron-starv’^ation, 
how’ever, and appljdng the iron-sulphide test to various parts of the 
intestine, we ascertain the remarkable fact that the duodenum and the 
cecum yield the iron-test just as they do when inorganic iron is admin- 
istered. In other words, the iron in the process of digestion in the 
duodenum has become loosened from its combination in the hematin 
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radical and set free as an inorganic or at least an ionized salt of iron. 
Since the iron, immediately subsequent to absorption, appears in the 
same condition whether administered in the ionic form or not, there 
would appear to be no very good reason for supposing that inorganic 
salts of iron are not utilized to nearly as great an extent as the organic 
salts of iron. The most specific disadvantage which attends the use 
of inorganic salts of iron is their irritating or corrosive action upon the 
intestinal epithelium, a corrosive action which, like that of mercury 
salts, is probably to be attributed to the formation of insoluble protein 
salts of the metal within the epithelial cells. This leads to the dis- 
ruption of the gelatinous structures of the cells and tlieir conversion 
into granules or fiocculi which, no longer being held together by the 
cohesiveness of a jelly, fall apart with consequent disintegration of the 
cells. Many individuals who display an “ idiosyncrasy” or exceptional 
sensitiveness to intestinal irritation are very severely affected by this 
corrosive action of iron-salts, and for this reason the general employment 
of non-ionized organic compounds of iron in therapeutics, such as 
hemoglobin or hematogen, is much to be preferred. 

With the exception of the disadvantages arising from the corrosive 
action of inorganic salts of iron, therefore, the ionized and unionized 
compounds would appear, so far as the above-cited evidence goes, to 
be equally useful sources of iron in the diet. There arc certain impor- 
tant facts, however, which would appear at first sight to bear out the 
contention that inorganic salts of iron, notwithstanding their absorp- 
tion, are not utilizable for the synthesis of hemoglobin. Wc have seen 
that milk contains a very low percentage of iron in coin])arison with 
other foods, especially in comparison with green vegetables, certain 
fruits, such as dates, and flesh. If sucklings arc kejit beyond the 
normal period of lactation exclusively upon a milk diet tlicy become 
anemic from lack of iron. If we compare rabbits which have been 
allowed to change to a diet of green vegetables after the normal period 
of lactation, with those which have been brought up upon an exclusive 
milk-diet, we find that the former contain much more hemoglobin 
than the latter. But the remarkable fact is that if we add inorganic 
salts of iron to the milk-diet the total hemoglobin in the animals is not 
increased and they do not attain normal dimensions, although they 
grow much more rapidly than the similarly fed animals which do not 
receive iron. This would appear to indicate that inorganic salts of 
iron are utilizable for certain purposes in the body connected with 
the growth of the animals, but not for the building up of hemoglobin. 
This conclusion, however, would be premature. 

Recent acquisitions to our knowledge of the structure of the hematin 
moiety of the hemoglobin molecule have shown that it contains a 
particular molecular grouping, namely, the Pyrrole Group: 
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wlucli, there is every reason for supposing;^ cannot be synthesized by 
arum^s but must be obtained by them preformed, that is to say, from 
the tissues of plants or from the tissues of animals which accjuired it 
from plants. This p^roole grouping is contained in small amounts in 
the majority of protems and it forms a very important component of 
ChlorophyU, the green coloring-matter of plants^ which, as we shall see, 
closely related, chemically, to hemoglobin. It is not improb- 
able, therefore, "^at inorganic iron-salts added to an exclusive milk- 
diet, are not utilized for building up hemoglobin simply for the reason 
that other component parts of the hemoglobin molecule, as essential as 
iron itself, are either lacking altogether in the milk-diet or present 
therein in insufficient amount to subserve the needs of the blood-form- 
ing tissues and those of the other tissues of the body as well. We will 
return to this question in later chapters in connection with the chem- 
istry of hemoglobin, and again in connection with the general prob- 
lems of growth and nutrition. 

The percentages of iron which are contained in several common 
articles of food are enumerated in the following table: 


IRON-CONTENT OF FOODS IN PER CENT OF EDIBLE PORTION 
AFTER SHERMAN i 


Food. 

Iron (Fe). 

Egg-^hite 

0 0001 

Butter 

0 0002 

Whole milk 

• 0 00024 

Apples 

0 0003 

Carrots 

0 0006 

Lettuce 

0 0007 

Cornmeal 

0 0009 

White biea<l 

0 0009 

Asparagus 

0 0010 

Caljbage 

0 0011 

Fi:,h 

0 OOOS-0 0013 


Pood 

Iron (Fe) 

Potatoes 

0 0013 

Cheese 

0 0013 

Dates 

0 0030 

Eggs 

0 0030 

Meat 

0 0023-0 0033 

Spinach 

0 0036 

Oatmeal 

0 0038 

Barley 

0 0041 

Egg-j oik 

0 0086 

Blood 

0 0326 


It Will be noted that the iron-content of spinach is ver\ high. Spin- 
ach is also very rich in chlorophyll, as its deep green color indicates, 
and thus contains a large proportion of another essential constituent 
of hemoglobin, the pyrrole radical. Chlorophyll, it is true, is indigest- 
ible by the digestive juices, but it is split up by the bacteria which 
inhabit the intestine, and in this way a portion of the p^^TTole which it 
contains may possibly be rendered available for assimilation from the 
intestine and utilization by the tissues 
The complexity of the requirements for the synthesis of hemoglobin 
is remarkably revealed by the experiments of Hooper, Robscheit, 
and Whipple. These obser\"ers reduced the hemoglobin content of 
dog’s blood to a ^rery low level by repeated hemorrhage and then 
studied the regeneration of hemoglobin while the animals were fed 
upon various diets. They found, in the jfirst place, that a considerable 

1 Chemistry of Food and Nutrition, New York, 1918. 

4 
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amount of regeneration was possible during starvation, but that the 
rate of regeneration was actually decreased by permitting the animal 
to eat carbohydrates (sugar or starch). This they correlate with the 
well-known fact that the admission of carbohydrates to a starving 
animal diminishes the daily output of nitrogen in the urine. This 
nitrogen is derived from the destruction of tissue-protein, from which 
the starving animal is compelled to derive its energy. When car- 
bohydrates are admitted the animal turns to these for its energy^ ami 
ceases to call upon its tissue-proteins to supply its needs. They infer 
that when tissue-protein is broken down to supply energy to the 
animal, certain fragments, presumably amino-acids, become avail- 
able for the synthesis of hemoglobin, while if carbohydrates arc avail- 
able for the production of energy the decomposition of tissue-protein 
is reduced to a minimum and the requisite materials arc no longer 
set free for the manufacture of hemoglobin. 

It is furthermore found that a diet of white bread and skimmed 
milk, or a meal containing wheat, barley and rice flours mixed with 
milk, lard or butter, does not permit any regeneration of hemoglobin 
at all unless the daily allowance exceeds by a considerable amount 
the requirement for maintenance, in which case very slow regeneration 
may occur. Rice and potatoes mixed with skimmed milk yield like 
negative results, nor is the outcome in any of these experiments affected 
by the addition to the dietary of inorganic salts of iron, jiresumably 
because other radicals are lacking with which the iron must become 
associated in order to fonn hemoglobin. On the other hand, the 
addition of cooked liver, lean beef or heart tissue to the bread aiifl 
milk diet causes prompt regeneration of the lost hemoglobin. Com- 
mercial meat-extracts are of no value for this ])uri)ose, hut a fresh 
aqueous extract of liver is effective The addition of hemoglobin 
itself to the bread- and milk-diet also imluccd prompt regeneration. 

It will be recollected that if iron is administered to young animals 
which are undergoing iron-starvation liy being kept upon an exclusive 
milk-diet, their growth is markedly accelerated desiiite the fact that 
the iron is not utilized to build up hemoglobin. This effect is of sig- 
nificance, inasmuch as it indicates that iron subserves other important 
functions in the body besides that of entering into the composition 
of the oxygen-carrying pigment of the blood. We are reminded of the 
prevalence of iron in nuclear elements, and led to suspect that iron 
plays some essential part in the functions of the nuclei- It is a note- 
worthy fact, however, that if iron be added, in similar amounts to those 
employed in the above-cited experiments, to an abundant and mixed 
diet, containing a normal suflSiciency of iron, this acceleration of growth 
is not observed. Evidently beyond a certain diurnal allowance the 
tissues of the growing animal are not able to utilize iron for the purposes 
which result in the acceleration of growth. Here we meet again with a 
phenomenon to which reference was made in connection with the utili- 
zation of calcium. The ability of the tissues to profitably utilize the 
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materials brought to them sets a definite limit to the amount of a food- 
stuff which it is of any avail to consume. It is doubtless for this 
reason that iron, whether in the organic or the inorganic form, is with- 
out effect in accelerating the rebuilding of hemoglobin after hemor- 
rhage. The blood-forming tissues are able to manufacture so much 
hemoglobin per diem and the supply of more raw materials than they 
can “work up’’ in a day is useless. 

The ultimate reason for this phenomenon, which is of such general 
occurrence in life-phenomena, resides undoubtedly in the multifarious 
variety of the chemical processes which underlie and accompany ^dtal 
activities. In every detail of change which accompanies the per- 
formance of any function by living tissues not merely one chemical 
reaction is involved but a whole series of interwoven reactions following 
and depending upon one another. Now in any series of chemical 
changes of which the second utilizes some product of the first, the third 
some product of the second, and so forth, it is always the specifically 
slowest reaction which “sets the pace” for those which succeed it. 
No matter how quickly raw materials may be supplied, this “ 77iaster- 
reaction"' can proceed only at a certain maximum speed and succeeding 
reactions must wait for its products before they can seize and elaborate 
them. Pro\dded, then, that any article of diet be supplied in sufficiency 
to maintain at top speed the master-reacticn"' of the series of pro- 
cesses into which it enters, excess of this particular item in the dietar\ 
is mere wastage and casts an unnecessary strain upon the organs of 
elimination. 

Insufficient hemoglobin content of the blood, therefore, and ain 
other type of maldevelopment and malnutrition ma\' originate in 
either of two ways, namely, through inadequacy of the diet or through 
imperfect utilization of substances which are present in abundance in 
the dietary. Certain mild types of anemia probably belong to the 
former category and the consensus of opinion of the physicians is 
that these are favorably' affected by' administration of iron. In other 
ty’pes of anemia, in W'hich the utilization of iron is defective or in which, 
as in the anemia of hemorrhage, the lack of hemoglobin is due to 
loss or destruction after it has been manufactured, we cannot ex]>ect 
therapeutic administration of iron to be followed by equally' fa's orable 
results. 

OTHER INORGANIC FOODSTUFFS. 

The remaining inorganic constituents of the body' will be but briefly 
considered at this point, some of them falling under review in other 
connections in later chapters. While the majority of them probably' 
play important or even essential parts in our bodily economy', W'e have 
as y'et only succeeded in a few instances in obtaining a clue to the 
nature of these functions. 

Among the metals other than those W'hich we have considered, 
Magziesimn is, from a quantitative point of view, the most important- 
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Magnesium is found in small quantities in all animal and plant cells 
and in milk. There appears to be a rather definite relationship or 
proportionality between the magnesium and the calcium contents 
of the tissues, and from the fact that a trifling excess of magnesium 
when introduced into the circulation causes profound disturbances, 
such as glycosuria, we may conclude that magnesium has powerful 
physiological actions and that in consequence even the amounts which 
normally occur in tissues are not devoid of physiological significance. 

It is stated that traces of Lithium are nonnally found in animal 
tissues, and it is a much-discussed question whether or not a minute 
trace of Arsenic is a normal constituent of human tissues, tlic gravity 
of the discussion being attributable, of course, to the medicolegal 
significance of the question. The consensus of opinion appears to 
be, however, that arsenic is found in human tissues only after the 
administration of drugs containing arsenic or in districts where arsenic 
occurs in considerable amounts in the soil and water. 

Copper is an essential constituent of the blood of MoUuhcci and 
Crustacea, in which it enters into the composition of a respiratory 
pigment, Hemocyanin, which plays a similar rAlc to that which is 
played by hemoglobin in the Vertebrata. However, even in the 
higher animals, copper appears to be an invariable constituent of the 
tissues, the content of copper in sea water being only onc-twonlieth 
of that found in fishes. Copper and Zinc appear to be invariably 
present in the human brain, and that they are essential and not merely 
accidental constituents is rendered very likely by the fact that they 
are no less abundant in fetal than in adult brains 

Manganese occurs in all vegetable and animal tissues and in the blood, 
the highest percentage being found in the liver Since mangaiu^sc 
salts are known to aid the action of certain oxidizing cnz,>Tnes (such 
as Laccase), it has been suggested that manganese may play an impor- 
tant part in the oxidations which occur in living tissues. I )ircc*t |)roor 
of the participation of manganese in cell-oxidations, however, lias not 
as yet been obtained. 

Among non-metallic inorganic constituents of the body. Chlorine 
plays a leading part in the alkali chlorides of the blood and lissmvs 
and in the hydrochloric acid in the gastric juice. It is derived from 
chlorides in the food. 

Fluorine occurs in small amounts in milk (O.OOOOo per cent) and 
is a normal constituent of bones and teeth; it is unquestionably not 
devoid of significance in the formation of these tissues. 

Silicon is a constant constituent of hair and feathers, no less than 
40 per cent of the ash of hair consisting of Si02. This is doubtless 
derived from silicates in the vegetable portion of our diet, silicon 
playing an important part in communicating rigidity to many plant- 
tissues. According to Drechsel the silicon in feathers exists therein 
in a state of organic combination, as the silicate of a hydroaromatic 
alcohol closely related to cholesterol. 
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Phosphorus is, of course, an element of prime importance in the life- 
economy in the form of the phosphoric acid radical in phospho- 
proteins such as casein and in the form of complex substituted phos- 
phoric acids, as Nucleic Acid and the glycerophosphoric acid radical 
of the phosphorus-containing fats or phospholipins. This phosphorus 
is derived from the phosphates, phosphoproteins, nucleins and phos- 
pholipins in the diet. There is some room for question whether 
animal tissues utilize the inorganic phosphates in the diet for the 
building-up of the nucleins and phospholipins. A fact which seems 
to indicate that animals do not depend upon inorganic phosphates 
for the production of these substances is that mice wUl grow normally 
and reproduce on a diet containing a high proportion of aluminum 
hydrate, although this results in the formation of the insoluble alumi- 
num phosphate from any inorganic phosphates which may be present 
in the alimentary" canal, and its elimination, without absorption, in the 
feces. 

Sulphur also plays an exceedingly important r61e, but in the form of 
the complex’ amino-acid cystine, which is a decomposition-product 
of many proteins, rather than in the form of free sulphates or sulphides. 

Iodine is a normal constituent of the Thyroid and plays an essential 
part in the important functions of this gland. We will consider the 
nature of the organic combination in which it occurs and its signifi- 
cance in the bodily economy in a later chapter. It has been repeatedly 
stated that iodine is found in other tissues of the body, notably in 
the pituitary gland, but more recent analyses have shown that in the 
absence of iodide-medication iodine is not found in normal animal 
tissues other than the thyroid Iodine is an important constituent 
of seaweed, from the ash of which a quantity of the iodine of conimerce 
is derived. The relatively high concentration of io<line in the tissues 
of these marine plants is of special interest because the iodine-con- 
tent of sea-water is exceedingly low. This constitutes, therefore an 
interesting case of the Selective Absorption by- living tissues, to wliic*h 
reference was made in connection with the proportion of sodium to 
potassium in the blood and tissues of animals. 


THE COMPLEXITY OF OUR DIETARY REQUIREMENTS. 

It is to be hoped that the recital of the above category- of the inor- 
ganic constituents of our body-, present, several of them, in the most 
inconsiderable traces, will have the effect of making the reader pause 
ere he embraces any- of the dietary fads and “ sy^stems” which are so 
prevalent in this uninformed and loquacious period of our social 
evolution. The average man or woman hesitates to pronounce an 
opinion on the motive machinery- of steamships or aeroplanes or on 
the fuel-requirements of a Diesel engine; but regarding that infinitely- 
more complex engine, a human being, the average individual deems 
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himself fiilly informed and all that is required to make numerous con- 
verts to any dietetic fad is a considerable degree of self-assurance. 

So complex are the requirements of the animal economy — so little 
do we know the parts that these several requirements play and their 
delicate adjustments to one another — that we are totally unable at this 
stage of our knowledge to enumerate the constituents of any restricted 
dietary which shall certainly, and for prolonged periods of time, convey 
to the subject all that he requires for the orderly functioning of his 
body. In medical practice it is, of course, necessary to occasionally 
prescribe a limited and specified diet for a definite period in order to 
combat certain conditions or maladies, but to do so for lengthy periods 
of time, especially for growing infants and children, is to simply a^ume 
a knowledge which we do not possess. The problem of the dietary 
requirements, as we have seen, is complex enough when we consider 
only the inorganic foodstuffs, but when we add to these the organic 
requirements of the body the complexity of the problem of nutrition 
is multiplied a hundredfold, and we are as yet hopelessly in the <lark 
respecting the source and function of a multitude of constituents of tlie 
body and of the degree to which they may be essential. Our knowl- 
edge in this field is rapidly extending, perhaps more rapidly at present 
than in any other field of biochemistry; but even at the i)rc.scnt rate 
of accession of knowledge, the complete knowledge essential for enumer- 
ation in detail of all the dietary requisites of a human being is very 
far distant indeed. 

The knowledge that we do possess, however, enables us in certain 
particular instances, as, for example, in the Weir Mitchell treatment 
of certain nervous disorders, or the Allen treatment of diabetes, to 
accomplish very decisive therapeutic results by re.stricte<l dietaries 
prescribed for limited periods, in conjunction with hygienic mea.sures 
and adequate biochemical and clinical observation and control. The 
very success of such measures in any particular instance carries with 
it the danger of converting an ignorant patient into a fanatical diet- 
faddist who, upon recovery of health, proceeds to convert, first his 
acquaintances and ^en, if he has the opportunity, a wider public, to the 
health doctrine which he has evolved out of the temporary measures 
of the physician. This is no doubt the origin of many of the dietary 
and hygienic eccentricities to which certain genuine or imaginary 
invalids devote themselves. No small part of this perverted activity 
could probably be stifled at its birth, if the physician who is prescribing 
dietary or hygienic measures were to make a practice of explaining, as 
thoroughly and simply as he is able, to the patient and his immediate 
associates the precise object of the measures advocated, their tem- 
porary charaetCT, and the fact that they are applicable only to the 
particular case in point, and not to humanity in general, irrespective 
of age, sex, health or disease. 

We will take up the question of the dietary requirements of the body 
in several subsequent chapters and in a variety of connections. The 
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above remarks will, however, be foxmd. to appl^” only the more forcibly 
with, the expansion of our acquaintance with the complexity and variety 
of the problems of nutrition. 
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CHAPTER III. 


THE CARBOHYDRATES: THE MONOSACCHARIDES. 

OENEBAi:. CHARACTEBISTICS. 

The Carboliydrates are extremely abundant in nature, and play an 
exceedingly important part in the life-cycle. In vegetable tissues they 
are of importance, not only as foodstuffs and reserve materials, but also 
as structural materials. For example, the walls of plant-cells arc 
usually composed of cellulose, a complex carbohydrate- In the animal 
economy the carbohydrates are chiefly of importance as fo<^d and 
reserve-materials and afford a very important source of kinetic energy 
to our tissues. 

The carbohydrates owe their name to the fact that all of them contain 
carbon and in all of them, moreover, the proportion of hydrogen to 
oxygen is the same as it is in water, namely, 2 to 1 . This is not a very 
satisfactory definition of the group, however, since many substances 
are known which correspond to such a definition and yet are most 
distinctly not carbohydrates- In more exact terms it may be said tliat 
carbohydrates are aldehyde and ketone derivatives of the polyatomic* 
alcohols. The majority of the naturally occurring simple sugars 
contain six atoms of carbon and are termed Hexoses, although some 
contain five atoms of carbon and are termed Pentoses. From the snni>le 
Monosaccharides, which may be represented by formula* of the type 
Cm(H20)m» more complex sugars, the Disaccharides, are fonnetl b.\" 
the combination of two molecules of monosacc*haride with the* elimi- 
nation of a molecule of water. These are conscciuently represent c*d 
by formulse of the type C2m(H20)2m— i- IVTore comidox c*arboh,\ cl rates 
still, the starches and dextrins, collectively termed the Polysaccharides, 
are derived from the monosaccharides by the combination of Ji variable 
number of sugar molecules, with the elimination cd* a c*orrespondiiig 
number of molecules of water. 

It is only within comparatively recent times that the artiHc*ial 
synthesis of sugars has been accomplished, but within the brief i)eriod 
of thirty years nearly all of the natural sugars have been s^'iithesized 
and the light which the consequent accessions to our chemical knowl- 
edge have thrown upon the function and transformations of the carbo- 
hydrates in living organisms is so great, that today we are in a i>ositioii 
to interpret countless phenomena which were entirely obscure before 
these discoveries had been made. 

The first sugar to be synthesized was Glycerose, which was prepared 
by Emil Fischer in 1890. This sugar, which contained, however, only 
three atoms of carbon (formula CCH 20 H) 2 C 0 ) was prepared by the 
gentle oxidation of the triatomic alcohol, glycerol (CsIIbCOH)^)- This 
synthesis is particularly interesting because it establishes a connection 
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between tbe carbohydrates and the fats, since all of the naturally 
occurring fats contain a glycerol radical. From this sugar it was found 
possible to prepare a sugar containing six atoms of carbon in the mole- 
cule, by the action of dilute alkali. At the same time Fischer succeeded 
in s^Tithesizing a hexose Cthat is to say, a six-carbon atom sugar) from 
its elements, by the polymerization of formaldehyde ('UCHO) in 
accordance with the equation: 

eHOBCO = C.ECijOb 

and this sugar was found to be identical with that which had been 
synthesized from glycerose. 

Examination of this new sugar showed, howe'V'er, that it differed in a 
very important property from the naturally occurring hexoses, fruit- 
sugar, glucose, or mannose. These sugars, when in solution, rotate 
the plane of polarization of a beam of polarized light to the right or 
to the left. The s^mthetic sugar did not rotate the plane of polarized 
light, and hence a special name was given to it, Acrose. 

The reason for the optical inactivity of acrose was found to lie in the 
fact that it is a mixture of equal parts of optical antipodes, the one 
rotating the plane of polarized light to the right and the other to the 
left in equal degree. As a matter of fact, acrose can be decomposed by 
appropriate measures into optically active constituents, and according 
to the conditions which accompany the transformation we obtain 
fruit-sugar, mannose, or glucose. 

It is a^ remarkable fact that nearly all natural products which are 
derived from living material are possessed in some degree of Optical 
Activity. This was at first thought to be a peculiarity of substance*^ 
formed b> living^ organisms and to point to the operation within living 
tissues of some force peculiar to living matter. We now understand 
that the optical activity of the constituents of living matter is due to 
the circumstance of their s\nthesis in the presence or through the 
agency of optically as^nmnetric catalyzers. 

The exact conditions upon which this propert\' of optical tictivitv 
depends were first made clear by Le Bel and Van't Hoff in 1.S74 
Previously to this Pasteur had expressed the opinion, l>ased upon his 
fundamental obserA^ations on the differing cr\'£>tal-forms of the right- 
handed and left-handed varieties of tartaric acid, that the optical 
activity of certain molecules must be attributable to a certain degree 
of as^'Tometry of the molecule. This as\Tximetry, in the case of car- 
bon compounds, Van*t Hoff was able to trace to the carbon atom 
If we imagine the *1 valencies of a carbon atom to be pointing toward 
the 4 apices of a tetrahedron,' of which the center is the carbon atom, 
the following arrangements of 4 diff^ent masses are possible: 
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The difference between these arrangements resembles that between 
an image and its reflection in a mirror; the diagrams cannot be super- 
imposed upon one another so that the corresponding parts will coincide, 
except by inverting one of the diagrams, and thereby converting it into 
the other, its mirror-image. Now it would appear that when a carbon 
atom is united by its valencies to 4 different masses, either of the 
above arrangements is possible, the one yielding a dextrorotatory and 
the other a levorotatory compound. An optically inactive body is 
produced either by a mixture of equal numbers of the 2 forms of 
molecules or by '‘internal racemization,*’ e., by the presence within 
the molecule of 2 equally active carbon atoms rotating the plane of 
polarized light in opposed directions. 

This being the case, the number of possible optical isomers of a 
substance which contains 2 asymmetric carbon atoms is 4, since 
either of the 2 possible varieties, levo- and dextro- of the first asym- 
metric atom may be combined with either of the 2 possible varieties 
of the remaining atoms. Similarly the number of possible optical 
isomers of a substance which contains 3 asymmetric carbon atoms 
is 8, since any of the 4 possible arrangements about the first 2 atoms 
may be combined with either of the 2 possible arrangements about 
the third atom, and, in general, the number of possible optic*al isomers 
of a substance which contains 7l asymmetric (‘arbon atoms is 2"* 

TUB KBXOSBS. 

The relationships which have been described above are very well 
illustrated among the hexoses. A large number of sugars are known 
which possess the formula C\I-Ti20b. The structural formuhe of tliese 
sugars have been elucidated by h^scher and others, and it has been 
shown that a number of these possess a structure^ whic*li can be repre- 
sented by the general foi*mula- 

CHO 

I 

♦CHOU 

I 

»«*ch:oh: 

I 

•‘‘C'hoh: 

I 

I 

cbcsOh: 

They therefore contain 1 primary alcohol group ( — CH 2 OH) and 
4 secemdary alcohol groups (CHOH). 

It will be observed that the 4 carbon atoms which are distinguished 
by asterisks are asymmetric, because they are each united with 4 


1 Or aio readily cozivertilile into substances possessing sucb a structure, cf l>elow: 
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diffex-ent masses. For example, take th.e second carbon atom from 
tbe top of tbe diagrammatic formula. It is united with, the following 
groups: — CHO, — H, — OH and — C 4 H 5 COri) 4 - According to the 
rule which is enunciated above, there must be 2'*~16 possible optical 
isomers of this compound. 

This will be rendered clearer by the accompanying diagram, which 
illustrates the structure of the 16 possible stereo-isomers of any com- 
pound which contains 4 asjTnmetric carbon atoms. Designating a 
dextrorotatory carbon by the s>Txibol -|- and a levorotatory carbon 
by the s^Tubol — it will be seen that each carbon is dextrorotatory in 
S isomers, and levorotatory in S others- It is also e\’ident that pro- 
Added the end-groups attached resjxectively to the first and fourth 
asj’mmetric carbons are identical, the isomer number 11 is identical 
with the isomer number 5, 12 with 6, 13 with T and so forth. 
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This is what actually occurs in the corresponding polyatomic alcohols, 
in which the — CHO group of the sugar is replacetl b\ the group 
— CHaOH In the hexoses, of which glucose is a representative, the 
2 end-groups are, of course, different and hence no 2 possible isi>mers 
are identical. There are, therefore, 16 possible sugars or hexoses i^f 
the aldehyde t^'pe, possessing the above formula We ma\' represent 
them as follows, using the prefixes d— and 1— to signify dextro- and 
levorotatory respectively. 


OHO 

OHO 

OHO 

OH< > 

1 

1 

H — C OH 

1 

HO O H 

j 

HO C' H 

H C ' ( >H 

j 

jEL C OH 

I 

HO e — H 

H O OH 

j 

HO O H 

1 

1 

HO O H 

1 

H — c OH 

HO O H 


1 

HO C ^H 

1 

H — e — OH 

HO ^O H 

1 

H C OH 

1 

CHaOH 

1 

CHaOH 

CHaOH 

1 

CHaOH 

1— mcixiQose 

d— mannose 

1— glucose. 

d— glucose 
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CHO 

CHO 

CHO 

CHO 

1 

HO C — H 

1 

H — C — OH 

1 

H — C: OH 

1 

j 

HO — C — H 

j 

H C OH 

1 

HO— C H 

1 

HO C H 

H— C O H 

^ ^ OH 

HO C H 

1 

HO — C — H 

1 

H — C OH 

H — C OH 

1 

HO C H 

1 

H C OH 

1 

HO C OH 

CHaOH 

1 

CHaOH 

j 

CHaOH 

1 

CH.OH 

1— id.ose 

d.— iJoae 

1— {£uloao 

d— gsiloae 

CHO 

OHO 

C'HO 

C’EIO 

1 

1 

H — G — OH 

j 

H — C Oil 

j 

IIO — c — ir 

1 

H — C OH 

1 

HO — C — H 

1 

H C’ OH 

j 

HO C’ II 

1 

H C OH 

1 

HO — C — H 

1 

1 

H C — OH 

1 

HO < " II 

I 

HO C H 

1 

1 

HO C H 

1 

Tl C OH 

1 

CHaOH 

j 

CHaOH 

1 

CHaOH 

1 

CH^OH 

1— salactoae 

d— ifulactose 

1— lillosc 

d— t iilosu 

CHO 

CHO 

C'TIO 

f 'IIO 

1 

HO C H 

I 

j 

II — — cm 

j 

TI C' OIT 

1 

Ho-_( * — n 

iro — C’ — H 

1 

H — C * OH 

1 

HO o 1 1 

1 

ir — < ' — OH 

1 

IIO — C H 

j 

H — C — OH 

j 

IIO 11 

1 

ir~ -< '--OH 

1 

HO C’ H 

j 

H O — OH 

1 

IIO C ’ II 

1 

11 o OH 

j 

CHaOH 

j 

CHaOH 

j 

c'Hjorr 

j 

C'lljOlI 

1— allosc 

d— villose 

1— .lU tOhO 

d iltiost‘ 


These various sugars have been prt'parcd s;^"iithotic*alIy aiul their 
constitutional formulae confirmed.; lil of them are Isilioratory ijrocl- 
ucts and only 3 of them ai'e met with in nature, to wit d-gliic‘OHe, 
d-mannose and d-galactose. 

In addition to these hexoses of the aldehyde type, or Aldoses, another 
hexose of quite a different type is of very common oceurrenee in nature, 
namely fruit-sugar, or JFYuctose. Unlike all of the hexoses consitlered 
above, fructose is a sugar of the ketone type, or Ketose. Its stru<*ture 
may be rex:>resented by the formula: 

OHaOn 

I 

CO 

1 

HO — c — ^ h: 

HC — C OH 

H — C — OH 

I 

C^HaOH 
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Fructose exists in a dextrorotatory and a levorotatory form, the 
one being the mirror-image of the other. We customarily distinguish 
between dextro- and levorotatory forms by the prefixes employed 
above, d— and 1—; aSj for example, d— glucose and 1— glucose. The 
form of fructose which is represented in the formula given is the 
levorotatory form, but it is, nevertheless, termed d-fructose, because of 
its close relationship to d-glucose, which T\-ill be apparent on comparing 
the two formulse: 


CHO 


I 


H- 

HC- 


H 

OH 

OH 


CH 2 OH 
d— sluoose. 


CH2OH 

I 

00 

1 

HO C* H 



! 

CH2OH 

d— fructose. 


The mirror-image, which is in realit\" dextrorotatory, is therefore terme<l 
1-fructose. The levorotation of d-fructose has led to its being very 
generally designated Xievulose, by which name we will hereafter fre- 
quently refer to it. 

Another ketose which occurs in nature is d-Sorbinose: 

( 'H.OH 

1 

00 

HO C' H 

1 

H o r»H 

HO C’ H 

eH.< >H 

w liieli is fomic<l \^llcu the juice <»f the iiiouiitiiiii-a'^Ii i*^ c‘\i)«»^4‘»l t«» air 
b\ tlie oxidizing action of a ferment ui>oii the alcohol sorbitol \\ hieli 
is contained in the juice. 

ItEACTlOITS OP THE C ARB OHTHR AXES. 

The aldehyde and ketone, or ^potentially^ aldehyde and ketone struc- 
ture of the sugars renders them peculiarly liable to oxidation- kike 
other aldehydes and ketones, they reduce metallic oxides in alkaline 
solution; thus they reduce cupric to cuprous oxide, upon which fact 
Fehling’s method of sugaivestimation is based, and tbey reduce silver 
salts in ammoniacal solution, leading to the formation of a silver mirror. 


1 Cf. b^ow. 
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Other reactions which are characteristic of the sugar-grt>up are the 
following : 

On heating a solution of sugar in concentrated sodium or xjotassiuin 
hydroxide the liquid turns dark brown (Moore's test). 

If to about 0.5 cc of a dilute aqueous solution of glucose are added 
a few drops of a 10 per cent alcoholic (acetonc-free) solution of 
«-naphthol, and 1 cc of concentrated sulphuric acid be caixtiously run 
into the lower part of the tube, so that the lighter solution floats upon 
the top of the heavy acid, the zone of contact becomes rcd<lish violet 
(Molisch’s test). This reaction is due to the formation of furfural 
from the sugar by the concentrated acid. The furfural then reacts 
with the <y-naphthol yielding a colored product. 

If sugar be heated to a considerable degree the mass partiiilly c*sir- 
bonizes and turns deep brown. Numerous products are formed to 
which the collective name of Caramel is given. <''aramel has <listiiK*- 
tively colloidal properties and very high coloruig-x:)ower, ujxon which 
depends its use in the artificial coloring of beverages. 

The sugars themselves are very soluble and on that siccount are 
frequently difficult to characterize and to purify. They fonn, how- 
ever, insoluble or sparingly soluble compounds with Phenylhydrazine, 
which are of great service in characterizing the various sugsirs, enabling 
us to identify them in many cases with a considerable <legrt‘c* of c*<*r- 
tainty. If an aldose, or sugar, that is, of the al<leliy<le type, be aet<*d 
upon by phenylhydrazine in the presence of excess of ac*etie ac*id the 
following reaction occurs: 


CHO 

1 

<*ll N NIK’eMi. 

1 

CJHCOII) 


C’JElCOil; + CM-IaNH 

= c’moii) 

j 

C’HCOH) 

1 

C'lKOH; 

j 

<’11(011) 

1 

CIIjCOII) 

C’lIaCOJI) 

AIUobc 

rhojivlliycli 


The Phenylhydrazones arc, for the most j>art, rea<hly sohibh‘, so 
that this stage of the reaction is easily overlooked, since the subse- 
quent secondary reactions which arc about to be <leseribed ]>rodiu*c 
sparingly soluble substances. IVCannose is, however, an exceiition to 
this rule, the phenylhydrazone being very sparingly soluble ancl rea<lily 
detected and isolated. Other hydrazines such as methyli^henyi- 
hydrazine, benzylphenylhydrazine and dipheiiylhydrazine silso react 
with sugars to form hydrazones, which are in some cases si>ariiigly 
soluble and can readily be separated and purified by rej^eated recryslai- 
lization and identified by their melting-points- 

If excess of phenylhydrazine be employed, the remainder of the 
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reagent which, is not used up in converting the sugar into a hydrazone 
acts as an oxidizing agent, converting a — CH(OH) ^oup into a — CO 
group, thus: 


CBC-N NHCbHb 


CH.lSr NHCbHs 


CellBNH NHa = CHCOH) 


-h CbHsN-Ha + NHfa 


OHoOH 

n^drazone 


CHaOH 

phenylliydrazine = oxidation product 


aniline + ammonia 


This oxidation-product subsequently reacts with yet another mole- 
cule of phenylhydrazine with the formation of an Osazone: 


CH.N NHCbHs 

I 

CO 

I 

CHCOH) 


CH N.NHCbITs 

I 

c * 2sr nhCbHb 


H- CbH»NH NHa = CH[<OHj + 


OH^OH 

Ovidation-prodluot -f- 


CHjOH 

phenyHiydrazine — osazone 


Grlucose, mannose and fructose all yield the same osazone. In the 
ease of fructose the reactions described above simply take place in the 
reverse order, thus 


CH 2 COH) 


C N NHCbHb 


CbH^NM 


CHjCOHj 

Iveto&e 


C : N NHCbHb 


plieuylli> drazine ■■ liydrazone 

CHO 

I 

C N NHCbHs 


CeHBNBr.lSrHs = CHcOH) 


CeHslSriTa 


CH 2 COII) 

bydrsLzone 


pbenyHiydrazine 


CHaCOH) 

oxida.tion.-pro<luot + aniline 


-{- ammonia 
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CHO 

CzN.NHCbHb 

! 

CECCOH) 

CHCOH) + 

OHCOH) 

CH:2C0]B[) 
oxidation-product -|- 


CeHaNH.lSrff-i 


phexiylhv<lrazin.o 


CH-N NllC^blls, 

I 

C:]sr IsTlIObHo 

I 

OHCOH) 

OH(OII) H- IIuO 

OllCOTI) 

CIl2(OH) 

osazono |- > 


The osazones as a class are characterized hy their relativ<‘l,\" slight 
solubility in water. They form, yellow needle-shaped <*rystals am I 11 h'. 
shapes of the individual crystals and the way in whu*li tlic^v 
together are to some extent characteristic for each t>sazoiK‘. ''riu; 
melting-points of the osazones are not very definite, dopeiidiiig soiin^- 
what upon the mode in which the heat is applio<l, hiit th<-y a.rt', as a 
rule, sufficiently definite to serve as a means of identification. 

■V^^en the HEexoses are heated for prolonge<l pcritxls with dilute- 
mineral acids (excepting nitric acid) they yield Levulinic Acid (ac*c*t,\! 
propionic acid) and formic acid, besides ''humiii substances’* <‘ont a iniiig 
a higher proportion of carbon than the carbohy<lratcs. ''l''lie rea<*tion 
producing levulinic acid proceeds as follows* 


= C'HaOO OHa CJHa C^OOII -» IlC’OOII I I .< ) 

hoxosc =» levulinio aoid + foi iiiic* lu iil H- Mviitci. 


When nitric acid is employed. Saccharic Acid is produced (s<‘c Ih*1o\v) 
Levulinic acid is soluble m water, alcohol aiul ctluM' an<l forms n 
colorless viscous liquid which boils at 250° (’. and yields with siIv<m* 
nitrate a crystalline salt with the formula < ’I l.i.C ’(>.(<’ I F .).»(’< K)Ag. 

The Pentoses do not yiehl levulinic acid on boiling with imit<u*al a<‘i<ls, 
on the contrary, they yield Furfural 


IK : — C’lt 

li 11 


HO o(ni<> 


u 


which may be collected by distillation and <Ict<M*t<Ml by the aid of 
aniline acetate paper, which is colored red hy furfural. ''l''his rea<;tioii 
may also be used for the estimation of pentose since the yic*l<l of fur- 
fural is quantitative. For this purpose the furfural is distilled and 
bisulphite added to the distillate, when the usua.1 bisulphite compound 
with aldehydes is formed and the unconsumed bisulpliitc is cstinia.tc<l 
by titration with iodine. Or the furfural may be coiivorttid into the. 
phloroglucide by addition of phloroglucinol and the yield of this com- 
pound determined gravimetrically. It should be very carefully borne 
in min d, however, that G-lucuronic Acid and its compouu<ls (sec below) 




E’b 
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will be obtained on cooling and standing. On shaking up the mixture 
with amyl alcohol the green coloration passes over into this solvent. 
This reaction is also yielded by glucuronic acid. 

The Pbloroglucmol Reaction. — This reaction is carried out in the 
same manner as the above, phloroglucinol being used in the place of 
orcinol. The mixture turns red on heating and becomes cloudy on 
cooling. On shaking with amyl alcohol the red color passes over into 
the amyl alcohol layer. This reaction is also yielded by glucuronic 
acid. 

Selivanoff’s Reaction. — The Ketoses may be distinguished from the 
Aldoses by Selivanoff^s Reaction as follows: 

To a few cubic centimeters of solution is added an equal volume of 
20 per cent solution of hydrochloric acid containing a small j>roportion 
of resorcinol. The liquid turns red on heating and a red substance 
is gradually deposited which is soluble in alcohol. This reaction 
depends upon the formation of ox;^anethyl-furfural from the kotose by 
heating with acids. If the acid be too concentrated or the niixture 
boiled for more than about twenty seconds, the Is^Sxoses will also yield 
a small proportion of oxymethyl-furfural and will in consequence yield 
the same reaction. It is necessary, therefore, to avoid a higher con- 
centration of hydrochloric acid in the hnal mixture than about 12 
per cent, and to boil only for a period of less than twenty seconds. 
This danger of confusion with the aldoses may be avoided by emidoying 
glacial acetic acid containing a small proportion of hydrochloric* ac‘i<l, 
instead of concentrated hydrochloric acid, as the solvent for the 
resorcinol. 

Selivanoff’s test cannot be directly applied to urine without pre- 
liminary treatment, because many urines contain a substance, tJrorosein, 
which yields a red color with strong hydrochloric acid. The urorosein 
may be destroyed, however, by preliminary treatment of thc' urine 
with potassium permanganate, without heating and carefully avoid- 
ing the addition of excess. Selivanoff’s test may then be employctl 
in the manner described above. 

The Oheznical Relatiozisliips of the Sugars. — ICach sugar l)c'ing <in 
aldehyde or ketone, or at any rate ^potenritially an aldehyde or ketone, 
corresponds to an alcohol from which it is derived by oxidation. 
Reduction of the sugars, therefore, results in the formation of alcohols. 
Glucose yields Sorbitol, mannose ^delds IVCaxmitol and galactose yields 
IDulcitol. The following are the formulae which illustrate the structure 
of these alcohols and their derivation from the corresponding sugars: 
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CaOBC 


H — a — OH 


Ha 


CHaOH 
d— salaotose. 



CH2OH 

d— dixlcitol. 


All of these alcohols occur in plants, mannitol especially being widely 
distributed. They have a sweet taste, but they are not fermentable 
yeast. 

Just as the sugars, being potential aldehydes or ketoses, are con- 
verted by reduction into Alcohols, so, by oxidation, they are converted 
into acids. Glucose yields three different 6-carbon-atom acids on 
oxidation. Two of these acids are monobasic and the third is dibasic. 



COOH 

I 

— OH 

I 

HO C H 


CH2OH 
Olucomc acid 


CHO 

I 

H C OH 

I 

HO C H 


OH 


OOOH 

Clucuronic acid 


COOH 

I 

H C OH 


HO C H 

I 

H — C — OH 


-OH 


I 

H C- 

I 

COOH 
Saccharic acid 


From mannose the dibasic acid which is obtained is IVlazmo-sac- 
charic Acid. From galactose the dibasic acid which results from 
oxidation is Mucic Acid. The ketoses, including levulose, behave quite 
differently on oxidation. The aldoses on being oxidized yield acids 
containing the same number of carbon atoms as the original sugar. 
The ketoses, on the contrary, break down on oxidation an<l yield 
comi^ounds containing fewer carbon atoms than the original sugar. 

Similar relationships subsist among the sugars which contain fewer 
than 6 carbon atoms. Thus we have : 


Alcohol. 

Susa.r 

JVdoziobcisic acid 

Dibabic a-cid 

CHaOH 

CHO 

COOH 

COOH 

1 

CHaOH 

j 

CHaOH 

1 

CHaOH 

1 

COOH 

Glycol 

Glycolose 

Glycollic acid 

Oacalic acid 


XRIOSES. 


Alcohol. 

Sufi;ar. 

IN^onobasic acid. 

IDibasic acid 

CHaOH 

CHO 

COOH 

COOH 

j 

CHOH 

1 

CHOH 

j 

CHOH 

j 

CHOH 

1 

CHaOH 

1 

CHaOH 

1 

CHaOH 

j 

COOH 

Glyo^ol. 

Gl^oeroae. 

Glyceric acid 

rartiromo acid 
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OHiOH: 

I 

CHOH 

I 

CUOH 

I 

OHjOH 

E^rvthritol 


TETItOSBS- 


CHO 

I 

OHOH 

I 

CmOM 

! 

r&OH 

JErvthrosc 


o< >011 

I 

cmoii 

I 

C'llOII 

I 

C^IIaOir 

iOrvMiiio 


< ’< X >11 

I 

< *ll( >11 

I 

< ’IIOII 

I 

<*<><> 1 1 


Similarly, the pentose Arabmose corresponds to -flic ah^ohol Arabitol 
and to the acids Arabonic and Trioxygrlutaxic, while llic pt^ntosc* Xylose 
corresponds to the alcohol Xylitol. 

By appropriate methods it is possible to convert into oIIkm-s 

containing more carbon atoms and vice versa. ''Fliiis tli<‘ a.l<l<>sc\s 
bine directly with Hydrocyanic Acid with the rorniation of Hitriles, 
m accordance with the equation* 

CbBChOsCho 4- HCJisr = c’sHiiOftf ^ipoii) < 'isr 

These nitriles, on hydrolysis, yield acids containing I <‘nrboii atom 
more than the original carbohydrates, tlius. 

CaHTiiOs CHCOH) ON + 2 H 2 O = C ‘bIIuC ),.f *11 ( OI fj (’(><> 1 1 | Nil. 

Reduction of these acids, by means of sodium amalgam, i<‘I<ls (Ii<* 
corresponding aldose with 1 carbon atom more than tin* original 
sugar. In this way glucose has been ]>repared from arabiiios<s and 
7- and even 9-atom sugars have also bc<»n prepar<*d l>\* sn<*<*<‘ssi\ c‘ 
steps, starting with glucose. 

The conversion of a sugar containing more, into one <’oiitaimng f<*\v<‘r 
carbon atoms may be accomi>lishcd by converting tli<‘ sugar b.\ gen<I(‘ 
oxidation into the corrcspon< ling (monobasie) aeal, and tlani snbj<*<*tnig 
the calcium salt of this acid to further oxulation, with t h<‘ rt*siil< that 
the carboxyl-grouj) is decomposed into carbon dio\id<^ and watm-, 
and a sugar containing 1 less carbon atom than the* original sugar 
is formed; 


CJHO 

I 

C'JE£(< 

C'HCOH) 

CHCOH) 

CHCOH) 

CHjCOH) 


A1 do-hexose 


(*o()ir 

I 

cuicoii) 

014(011) 

C’HCOII) 

CHCOEC) 

ch:2(oh) 

Aldomo acid. 


<’OU 

I 

< ’IKoli) 
(*II(oiI) 4 
CUICOII) 

C ’11.(0 1 1) 

A1 1 lo-port tOHf ' 


11.0 


This reaction is of very great interest to the biochemist, beeaust* tin* 
conversion of a carboxyl group into CO 2 and II 2 O is known to lx- r<‘a<lily 
a^omplished by bacterial action and probably also by animal tissues. 
The possibility is thus indicated that pentoses in the tissu<\s may be 
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derivable from glucose, a possibility the significance of which will be 
apparent at a later stage. 

Not only is it possible to convert a hexose into a pentose and 'oice 
versa , but it is also possible to convert one hexose into another. It was 
found by Lobry de Bruyn that in the presence of alkalies, glucose, 
mannose or levulose in aqueous solution jdeld a mixture of the three 
sugars. IVCore concentrated alkali brings about more pronounced 
decomposition, as is evidenced by the formation of lactic acid and other 
hydroxy-acids in MIoore’s test for carbohydrates. The production of 
lactic acid from glucose by the action of alkalies is a phenomenon of 
great importance in the light of the fact that the decomposition of 
glucose or glycogen, which is an anhydride of glucose in muscular 
tissue, leads to the formation of lactic acid. 

The action of alkalies upon glucose led to the suspicion that if 
ammonia were employed, amino-derivatives of hydroxy-acids, such as 
are found among the constituent radicals of the proteins, might possibly 
be formed, and it was found by AVindaus and Knoop that, as a matter 
of fact, aiiimonia, acting upon glucose, mannose, levulose, sorbose, 
arabinose, x:y lose, rhamnose or lactose, yields Methyl Grlyoxaline; 


OHaO — Nil 

>CH 
Hc; — N ^ 

No other amino-products of this decomiiosition were identified, but 
this i>nc is of extraordinary interest, because of the very great impor- 
hihI V4irict.\ of roles jilayed by the Iminazole ring in pliysiologiciil 


— C' — Ntl 



phenomena. While it is very doubtful whether the synthesis of this 
ring IS i:)ossible for animal tissues to accomplisli, and in fact there is 
iiiucli evidence tending to show that it is not, yet it is, of course, unques- 
tionably accomplished by vegetable tissues, since the iminazole ring 
in the fonii of the amino-acid Histidine and in the purine-base moiety 
of the Nucleic Acids, is an invariable and essential constituent of living 
matter. 

On heating hexoses in concentrated solution with amino-acids (gl^'co- 
coll, alanine, leucine, tyrosine or glutamic acid) the mixture darkens 
with the formation of “Humm Substances” which are very deepl;^’ 
colored. At the same time carbon dioxide is discharged from the 
mixture. It is believed that the carbon dioxide is released from the 
carboxyl-group of the amino-acid which unites with the aldehyde- 
group of the sugar to form cyclic compounds. Similar substances are 
formed when proteins are hydrolyzed by strong acids in the presence 
of carbohydrates- 
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Th.e elimination of these drugs in this manner constitutes a pitfall 
for the unwary who may seek, after the administration of such drugs 
as these to a patient, to investigate the urine for the presence of sugar 
therein by the phenylhydrassine test or its clinical modification known 
as CipoUina's test, for glucuronic acid forms an osazoiie which may 
easily be mistaken for glucosazone. ^The distinction may very readily 
be made, however, owing to the fact that the osazone of glucuronic 
acid is decomposed by heating while that of glucose is not. If the 
precaution be taken, therefore, of heating the precipitate on a boiling 
water-bath for half an hour before examining it, no confusion of the 
osazone of glucuronic acid with glucosazone is possible, for the osazone 
of glucuronic acid is decomposed by this procedure and redissolves, 
while the osazone of glucose remains unaltered. 

Glucuronic acid is therefore to be regarded as a protective agent 
which guards the organism against the deleterious action of certain 
substances introduced from without or, in some cases, from within the 
body. Sometimes the glucuronic acid accomplishes its protective 
function by combining directly with the toxic substance, rendering it 
harmless until in the course of time it is eliminated, in other instances 
the toxic substance undergoes some degree of change and elaboration 
before it is paired with glucuronic acid. Thus chloral hydrate and 
butyl chloral undergo reduction before they couple with the glucuronic 
acid; o-nitrotoluol, on the contrary, is oxidized to nitrobenzyl-alcohol 
before it pairs with glucuronic acid. Other substances undergo 
hydration or both hydration and oxidation before they can couple with 
the glucuronic acid. 

Glucuronic acid is possibly of importance not only as a carrier of 
toxic substances out of the body, but also as a connecting-link between 
the hexoscs and the pentoses. It will be recollected that when a mono- 
basic acid derivative of an aldohexose is acted upon by oxidizing 
agents, the carboxyl group is eliminated in the form of cai*bon dioxide 
and water, and the corresponding aldo-pentose is formed. When 
d-glucuronic acid is subjected to intense putrefaction, it un<lcrgoes an 
analogous change, with the production of 1-xylose, thus. 


CHCO 

I 

ir — c — OH 
I 

HO — O — H 

I 

H — O OH 

I 

H — C OH 

COOH 


CHO 

HO C II 

I + C'O. 

u — c — on 
I 

CHaOH 


In the tissues of many fruits there occurs a substance Pectin which 
is converted, under the influence of an enzyme, Pectase, or by hydro- 
l;v’tic cleavage with alkalies, into Pectic Acid, the calcium salt of which 
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is insoluble and forms a jeUy. It is to tbe production of calcium 
pectate tbat tbe formation of jellies in fruit s:\"xups is due. IMore 
intense hydrolysis leads to tbe decomposition of tbe Pectic Acid, 
wbicb tben yields Gralacturoiiic Acid, a substance wbicb bears the 
same relation to galactose tbat glucuronic acid bears to glucose. 
Galacturonic acid resembles glucuronic acid in its properties and 
behavior, except tbat on further oxidation it yields mucic acid instead 
of saccharic acid. 

The amino-derivati'V'es of the monosaccharides are of considerable 
interest because they establish a link betw"een the carbohydrates and 
the hydroxy-amino-aeids. Chitosaznixie, or, as it is frequently termed, 
Grlucos amine, is readily obtained in considerable quantities from the 
exoskeletons of Orustacea, as, for example, from the shells of lobsters, 
by boiling with concentrated hydrochloric acid. The Chitin, which 
forms the outer co^'ering of the insects and crustaceans, appears, in 
fact, to consist largely of poly-amino saccharides, bearing much the 
same relationship to chitosamine that cellulose does to glucose- Chito- 
samine also occirrs in the cell-walls of fungi, and it is a constituent of 
the IVCucins and IVCucoids, sticky, glutinous proteins which are found in 
mucous secretions and elsewhere. It is not certain whether chito- 
samine is an amino-glucose or an amino-mannose, the uncertainty 
arising from our lack of knowledge of the position of the amino group 
relative to the carbon atom to which it is attached- The nature 
of the alternative is evident on inspection of the formuhv: 


CHO 

f 

H< 'XH-j 

i 

IK >C'II 

IK '< HI 

lTr’< »h: 

C’HjOH 
d— slucosa nu ue 


CHO 

! 

H_X( 'H 

I 

IK ><|'H 

H< >II 

1 

HCOH 

I 

CH.OH 

cl— riiannos j-in ’ ne 


In true mucins, but not in mucoids, the chitosamine radical is 
probably acetylated, and acetyl chitosamine, in common with other 
acetyl derivatives of hydroxy-amino-acids, yield-^. Eltirlicli’s Reaction, 
namely a pink color w^hen its solution is mixed and warmed, or allowed 
to stand with an equal volume of a 2 i>er cent solution of paradimeth:s 1- 
aminobenzaldehyde in hydrochloric acid of specific gra\'ity 1.09. 
The mucins also yield this reaction- 

In cartilaginous tissues, as for example, the nasal septum, there 
occurs a tetrasaccharide, Chondroitm-stilplLtiric Acid, which is formed 
by the union of two molecules of glucuronic acid with two molecules 
of an amino-hexose, Chondrosamhie. The amino-groups in the chondro- 
samine molecules are acetylated, while the primary alcohol C — CTTaOH) 



74 


CARBOHYDRA TE8— MONOSACCHARIDES 


groups are united with sulphuric acid. It is uncertain whether chon- 
drosamine is galactosamine or talosamine, the alternative being of a 
similar kind to that encountered in the case of chitosamine: 


CHO 

I 

HCNHs 

I 

HOCH 

I 

HOCH 

I 

HCOH 

I 

CHsOH 

d—galactosamiiie. 


CHO 

I 

HaNCH 

I 

HOCH 

I 

HOCH 

HCOH 

I 

CH 2 OH 

d-talosamine. 


THE DISTBIBUTION OF THE MONOSACCHABIDES IN LIVING 

TISSUES. 

As has been stated, a pentose, d-Ribose, is a normal constituent of 
many nucleoproteins. The following, after Grund, is the percentage 
of pentoses calculated on the basis of the dry tissue, which is present 
in various parts of the mammalian body: 


Pancreas 2 48 

Livei 0 50 

Thymus 0 50 

Submaxillary gland 0 58 

Thyioid gland . 0 50 

Kidneys . 0 49 

Spleen 0 40 

Bxuin 0 22 

Muhcle 0 1 1 


The structural formula of d-ribose may be represented as: 

CHO 

I 

H — ^C — OH 

I 

H— C— OH 

I 

H— C— OH 

I 

CHaOH 

d~ribose. 


it is levorotatory, the prefix d- being employed to denote its relation- 
ship to d-altose and d-altrose. 

In certain very exceptional cases a pentose is found in the urine. 
The disease which leads to this elimination of pentoses is known as 
Pentosuria in contradistinction to Glycosuria, the very much more 
common elinaination of glucose. Only a few cases of pentosuria have 
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been obser\'ed, but it is an extremely noteworthy fact that the pentose 
which is eliminated in this disease would appear to be almost invariably 
optically inactive, although the pentose, d-ribose, ■which is normally 
foimd in the tissues is, of course, optically active. Not only this, 
but the pentose in the urine is not ribose but Arabinose, 


CHO 

1 

HO— C— H 

I 

H— C— OH 

! 

H— C— OH 

I 

CH2OH 

d-arabinose 


CHO 

1 

H — C — OH 

I 

HO— C— H 

j 

HO— C— H 

I 

CH.OH 

l-arabinose 


which would seem to point to its derivation from glucose rather than 
from the decomposition of nucleoproteins, for it will be remembered 
that arabinose may be derived from glucose by the oxidation of the 
calcium salt of gluconic acid (xylose being the corresponding pentose 
resulting from the oxidation of glucuronic aeidj However this may 
be, the pentose elimination in these cases is independent of the pentose- 
content of the food and may occur when the combustion of carbo- 
hydrates in the tissues would appear to be otherwise normal. 

The pentoses are widely distributed in the vegetable kingdom, 
chiefly in the form of polysaccharides, bearing the same relation to the 
pentoses as starch and glycogen do to the hexoses. These polysac- 
charides, which are complex anhydrides of the monosaccharides, are 
known as Pentosans. The following table sho^^s the percentage of 
pentosan, in terms of pentose, found in the dry substance of ^arious 


vegetable foods 


Meadow huj 

21 154 

Rape cake 

11 50 

Oil-toeed cake 

y 07 

Biuitoed bailey 

7 Ob 

Rice floui 

5 7.5 

Sebame cake 

.5 S7 

Table turnip 

1 15 

Spinach 

1 02 


With regard to the distribution of the hexoses, Levnlose is not often 
found in the animal kingdom. In honey it occurs together with 
glucose and is immediately derived from the juices of flowers, but it is 
a question whether it is ever normally found in animal tissues. It is 
occasionally found in the urine, and is then derived directly from the 
levulose absorbed from the intestine; it may be regarded as a sign 
either of excessive overindulgence in sweets or honey, or else, if this 
origin can be excluded, as a sign of overactivity of the pituitary gland, 
which, as we shall see later on, lowers the limit of tolerance for all forms 
of sugar. A urine which yields evidence of the presence of a reducing 



76 


CARBOIIYDRA TE8— MONOSACCHARIDES 


sugar should therefore always be tested for levulose by SelivanofE’s 
Test (see p. 66) before a provisional diagnosis of diabetes is decided 
upon. 

In vegetable tissues levulose is widely distributed, especially com- 
bined with glucose to form cane-sugar. It is also found in the form 
of a complex anhydride, or polysaccharide, Ihulin, in the tubers of 
dahlias and in the sweet potato. 

Grape-sugar, or d-glucose, is the most important of all the mono- 
saccharides in the animal economy. It is the central figure in the 
carbohydrate metabolism. Polysaccharides are broken down to 
glucose before assimilation, and again before utilization as a source 
of energy, or transportation from one part of the body to another. It 
is the circulating form of carbohydrate, Glycogen and other poly- 
saccharides being the storage-forms. In view of these facts the 
absurdity will be apparent of the effort which was made in certain 
circles in the United States, a few years ago, to represent glucose and 
glucose-syrups as deleterious articles of food. Provided they contain 
no other constituents which are harmful, such preparations are merely 
solutions of the only carbohydrate which is to any important extent 
a normal and invariable constituent of the blood. 

Normal urine contains minute traces of glucose and sometimes 
larger amounts, especially after a meal which is very rich in carbo- 
hydrates. Such glycosuria is known as Alimentary Glycosuria and is 
devoid of significance unless it occurs too frequently and rea<lily, in 
which case it may possibly indicate disturbance of the functions of tlie 
pituitary gland. In certain pathological conditions or under experi- 
mental conditions much more profound and serious glycosurias may 
occur. These will fall under consideration in a later cha]>ter. 

Galactose is found in important quantities in two pla<*es in the 
animal kingdom, namely, combined with glucose to form milk-sugar 
or Lactose, and in the form of glucoside-like comjxmnds, tlie Cere- 
brosides, which are found in the brain. 


THE LACTONE-STRUCTUEE OF SUGARS. 

Before proceeding to the consideration of the disaccharides, it is 
important to review some recent accessions to our knowledge of the 
sugars which have led us to reconsider in some degree the structural 
formulfle by means of which we have hitherto represented them. It is 
necessary to enter thus deeply into the subject of the configuration of 
the sugar molecule because a clear understanding of these questions 
has already fundamentally contributed to our knowledge of the mode 
of action of ferments, and is unquestionably destined to do so in the 
future even to a greater degree than heretofore. In considering the 
enzymatic hydrolysis and synthesis of the disaccharides we shall have 
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occasion to refer verj* frequently to the facts ■which are about to be 
described. 

It ■will be recollected that in compounds containing only 4 asym- 
metric carbon atoms, such as 'we have been assuming the hesoses to 
be, only 16 stereo-isomers are possible. Now, as a matter of fact, 
it has long been known ■to sugai^-chemists that the optical rotatory 
power of solutions of d-glucose is not a constant quantity'. The 
optical rotatory powar of fresh solutions changes gradu^y', sometimes 
increasing, but more usually falling, imtil a constant value is ultimately 
reached. This constant value is the same for aU glucose solutions 
which have attained equilibrium, but the initial rotatory* powCT of 
a fresh solution may be as much as ■twice as great as the final constant 
rotatory power. This phenomenon is variously known as Mutaro- 
tation, Multiiotatlon and Bixotation. 

Analogous phenomena in other solutions are generally* attributed 
to the presence of 2 or more different, optically* active substances, 
of different rotatory po^wer and convertible into one another. Adopting 
this point of view, Emil Fischer first suggested, in explanation of the 
phenomenon of mutarotation, that the glucose undergoes hydration 
in solution, ■v^'ith the formation of an alcohol of lower rotatory* pow*er, 
thus. 


CHO 

I 

CH(OH) 

C’HcOHj 

rH(OHj 

1 

C'H(OH) 

I 

C’H,(OH) 

Mdo-se 


HjO 


I 

CHiOHj 

I 

C’H.OH; 

I 

(’HiOHi 

I 

CHiOH) 

Aldeln (Izul 


This method of accounting for the phenomenon of mutarotation 
was rendered unnecessary and untenable b\ the discoA'ery of the fact 
that tw'o different forms of d-glucose are obtainable, isomers of one 
another but differing in rotatory power. The one fomi, a-d-gluco^e, 
crystallizes out at ordinary temperatures from 70 per cent alcohol, 
and has a molecular rotation of (a)D + 110°; the other, jS-d-glucose, 
crystallizes out from solutions in water at temperatures above 98° C 
and has a molecular rotation of (a)D + 19°. It appears that there 
are indeed 2 stereo-isomeric forms of d-glucose which would be impos- 
sible were there only 4 asymmetric carbon atoms in the molecule, as 
the formula CHO - CH(OH) - CH(OH) - CH(OH) - CH(OH) - 
CH2(0H) requires. The glucose molecule must, in fact, contain not 
less than 5 asymmetrical carbon atoms. This conclusion, first sug- 
gested by Tollens, was verified by Armstrong in the following way: 

Two methylated d-glucoses are known, formed from glucose by the 
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replacement of a hydrogen by a methyl group. The structures of 
these 2 methyl glucosides are believed to be respectively: 


CHj— o— CH 

l\ 


HCO^\ 


HOC’H / 


> 


1 / 


HC 


HCOH 

CHjOH 

CK^-niethyl^d-gluGOHido. 


HC^— O— CHj 

l\ 

HCOH \ 


HOCH / 

\/ 

lie 


> 


HCOH 

CIIjOH 


/S-nicl Ixyl-d-ttlut oshIc* 


Each of these glucosides can be hydrolyzed by an appropriate 
enzyme- Now it is observed that a glucose of high rotatory power is 
produced in the hydrolysis of the a-methyl glucoside, while on adding 
a drop of ammonia to the solution the rotation rapidly falls to the 
equilibrium-value of the rotatory power of ordinary glucose. On the 
other hand, when the /S-methyl glucoside is hydrolyzed, a gluc^ose of 
low rotatory power is produced, and on adding a droj) of annnonia to 
the solution the rotatory power rapidly rises to the equilibriuni-value 
of the rotatory power of ordinary glucose. 

From these observations it appears that the true formula for 
d-glucose is either: 


HO— C— H 



HCOH 


CH2OH 

ot-d-glucose 


H— C’— ( )1I 

i\ 

HCOH \ 


HOCH / 

1 / 

Hc: 


> 


HCOH 


CH2OH 

/3-d-gIuoose 


of which the former is the a (highly rotating) form, and the latter the 
/3 form of low rotatory power. In solution an equilibrium is finally 
attained between the 2 forms, and the attainment of this equilibrium 
is much accelerated by an alkaline reaction. The rotatory power of 
the pmre a form is (a)i, + HO®; that of the pure form (a)i, + 19®. 
The rotatory power of an equilibrated solution of the mixed glucoses 
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is (a)D + 52.6®. From these figures it is a simple sum in proportion 
to c^culate that in a 10 per cent solution of glucose, about 37 per 
cent is of the a form and about 63 of the ^ form at equilibrium. 

We see that glucose contains, therefore, not 4 but 5 asymmetrical 
carbon atoms, a fact which is not revealed by a study of long-standing 
or equilibrated solutions, and was therefore very naturally overlooked 
in the first attempts to attach a structural formula to individual 
hexoses. If this be true of the other hexoses as well, however, then 
there must exist not 2 ^ — 16 stereo-isomers of glucose, but 2^ = 32. 
As a matter of fact, we find that many of the sugars exhibit mutaro- 
tation, for instance d-glucose, d-galactose, d-mannose, d-fructose, 
1-arabinose, l-x;^’’lose and some of the disaccharides. There is little 
room for doubt that the structural formulae of each of these sugars 
are analogous to the formulae for glucose which are depicted above. 

Since the hexaldoses all give the aldehyde reactions, that is, reduce 
metallic oxides in alkaline solution, and unite with phenylhydrazine 
by means of an aldehyde group, we must suppose that in the presence 
of these reagents the oxide grouping is broken down and the aldehyde 
group regained. This fact is very readily' understood if we suppose 
that every solution of glucose contains a trace of the aldehy'de form in 
equilibrium with the oxide forms. A reagent such as a metallic oxide 
or phenydhy'drazine reacts with the trace of aldehy'de form and thus 
removes it from the solution; the oxide form is then no longer in 
equilibrium and therefore regenerates the aldehyde form m the process 
of regaining the equilibrium which has been disturbed. This fresh 
supply' of the aldehy'de form in its turn reacts and is removed from the 
solution, and so the process repeats itself until all of the sugar is used 
up. At the same time this view of the structure of the sugars enables 
us to understand why' it is that although they' give most of the aldehy'de 
reactions, y'et they' give them much less energetically' than the ty'pical 
aldehy'des. 

We may' also ascribe to the same source the fact that the sugars do 
not react in stoichiometrical proportions with metallic oxides, in the 
proportions, that is, which would be expected if a molecule of sugar 
reacted quantitatively' with a molecule of metallic oxide. We cannot 
predict, by merely writing down chemical equations, how much of any' 
metallic oxide under given circumstances will be reduced by' a given 
amount of sugar. Instead, for every' concentration of sugar employ'ed 
and for every circumstance of the reaction, we have to estimate afresh, 
and by direct measurement, the reducing power of the sugar. These 
measurements are commonly' expressed in tables which denote the 
relationship of reduced cupric oxide (or other metallic oxide) to the 
quantity of sugar present in the solution investigated. But such 
tables are empirically established and are therefore reliable only if 
the circumstances of concentration, reaction, temperature and so 
forth are exactly the same as those which prevailed in the estimations 
from which the tables were computed. 
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We have evidence that in the ordinary forms of glucose the oxulc 
linkage connects the first and fourth carbons, when it is termed a 
hutylem linkage. It is manifest, however, that other linkages might 
occur in which the oxygen atom is connected with other cari)oii atoms. 
The following are the possible alternatives: 
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Propylene linkage 

1 

CHoCHI 
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1 
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Each of these, of course, may exist in either « or fonn. 

The ethylene oxide type of glucose has been obtained and fouial 
to be distinguished by low optical rotatory i)ower and much greater 
susceptibility to oxidation than the butylene oxide type of glneosc*. 
Thus it is readily oxidized by potassium permanganate in eohl solui ion.s, 
whereas this reagent, at low temperatures, only acts very .slowl.\' 
upon the ordinary forms of glucose. It has been found by HewiU 
and Pryde that solutions of glucose, when introduced into tlie small 
intestine, rapidly fall in optical rotatory power and at tlie same tinu* 
become susceptible to oxidation by potassium pennanganati* at 
ordinary temperatures. The occurrence of such transformations inaN 
have very great biological significance. Thus tlie iieritoneal ea\d]\ 
does not, according to Hewitt and Pryde, possess the power of eliang- 
ing glucose in this manner, and in consequence the iiossibilitN is indi- 
cated that the tissues in one part of the liody, or umler spei-ial cir- 
cumstances, may be able to transfomi glucose into a readily ovidiz- 
able form, while in other parts of the Ixxly, or umler other eir<-um- 
stances, glucose may remain in the relatively stable fonn of the butN- 
lenc oxide. The importance of the sterco-ehcmical variations of 
structure wliich are po.ssiblc in glucose, therefore, can hardh' lx* ov<>r- 
estimated, and w'e may yet come to recognize, in their ability or lack 
of ability to induce preliminary stereo-chemical changes, the’ origin of 
the varying power of tissues to utilize glucose in their mctaholisni. 
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CHAPTER IV, 


THE CARBOHYDliATES: THE 1 )1SA( ’CHARI DES, POIA - 
SACCHARIDES AND CLIK’OSIDES. 

THE DISACGHABIDES. 

The disaccharides are carbohydrates which are foriiu'd from iwo 
molecules of monosaccharide with the elimination of wjilcr in ac*cor<l- 
ance with the equation: 

Cm(H20)m + Cn(H20)n = Cm + ii(H 20 )m ^ n_i •+■ II'<) 

In the disaccharides which we shall have occasion to considc'r, in and 
n have the same value, namely six. They arc fonned, in other words, 
by the union of two molecules of Ilexosc, and the above fortnula 
becomes: 

CaHiiOe + CeHiaOe * Ci^mAhi + H.O 

The majority of the disaccharides reduce Fehliiif’’s solution (/ c., 
cupric oxide in alkaline solution), react with phcnylh,>'dra/ane to Forin 
hydrazones and osazones and exhibit mutarotation in solution 
therefore contain a potentially aldehyde or ketone jiroiip or f^ronps 
and an oxide linkage analogous to that in glucose. Certain of them 
are exceptions to this rule, how^ever, one of th<' most marked e\< •(']>- 
tions being cane-sugar, which is formed by the union of J tnoleenU* 
of glucose with 1 of fructose (levulosc), and which doc^s not r(Mhi<*<' 
Fehling’s solution or react with i:)henylhydrazine or dis]>lay niuta- 
rotation in solution. 

The disaccharides are merely special instances of a very large grou]) 
of compounds which are genencally termed Glucosides, or compounds 
of sugars with other bodies, the point of union being the aldehy<le 
group of the sugar. A typical glucoside, for example, is Amygdalin, 
found in cherry-stones and in almonds, which on hydrolysis yields 
glucose, hydrocyanic acid and benzaldehydc. The nuc*leic aedds are 
glucosides. Glucosides which yield galactose on hy'droly'sis are found 
in the tissues of the brain. The disaccharides are glucosides in which 
both constituents of the molecule are sugars. 

Cane-sugar is the ordinary sugar of comfnerce and occ*urs widely 
distributed in the vegetable kingdom, where it acts as a reservt^- 
material, that is, as a store of nutriment to be broken up into utilizable 
material and consumed when needed. It occurs especially in the 
sugar-cane, in the sap of certain palms and of the sugar maple, the 
birch and the carob tree- Ripe fruits and many leaves contain con- 
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siderable amounts of this sugar, while one of the most important 
sources of sugar is the root of the sugar-beet, a variety which has 
originated by selection from the common beet {BetamiUgaris). Cane- 
sugar was not known in Europe until its introduction from the tropical 
parts of Asia, where the sugar-cane has been grown from time 
immemorial. The possibility of extracting cane-sugar from beets 
was not realized until it was pointed out by the German chemist 
Marggraflf in 1760. Hence the large consumption of sugar now 
obtaining among European peoples is a recently acquired habit. It is, 
of course, of enormous nutritive importance, as it results in reducing 
by an equivalent amount the requirement of starch and other poly- 
saccharides. It also enables us, when sugar from the cane is used, 
to utilize tropical areas for the production of carbohydrate foodstuffs 
and set free greater areas of the temperate regions for the cultivation 
of polysaccharides and proteins (grains, meat and dairy products), 
for which the tropical areas of the world are not suitable. The con- 
sumption of sugar from the cane is therefore economically preferable 
to the consumption of sugar from the beet. 

Cane-sugar does not reduce Fehling’s solution nor does it exhibit 
mutarotation. It is neither potentially nor actually an aldehyde or a 
ketone. It is very readily hydrolyzed by acids, therein differing 
markedly from other disaccharides, and it fields on hydrolysis, 1 
molecule of d-Glucose and 1 of d-Fructose (leMilose). It will be recol- 
lected that d-fructose is levorotatory, and the le\orotatory power of 
d-fructose being greater than the dextrorotatory power of d-glucosc, 
the mixed products of cane-sugar hydrolysis are levorotatory . Cane- 
sugar, on the contrary, is dextrorotatory', so that hy'droly &is of cane- 
sugar in solution leads to a change of optical rotation from right to 
left. Hence the process of the hy'droly sis of cane-sugar is frequently' 
termed Inversion. 

Cane-sugar is built up by' the union of a molecule of d-glucose with 
one of d-fructose- The question arises, however, from which of the 2 
d-glucoses is cane-sugar derived, the a-d-glucose or the /5-d-glucose 
This question is answerable in a very' simple way . It is possible to 
hy'droly'ze cane-sugar very' much more rapidly than a-d-glucose can 
undergo transformation into jS-d-glucose or vice versa It will be 
recollected that a-d-glucose possesses a much higher dextrorotatory' 
power than j8-d-glucose. Now we find that the glucose produced in the 
hy'droly'sis of cane-sugar possesses, initially', a high rotatory' power. 
On adding ammonia, w'hich accelerates the transformation of a- into 
jS-glucose, the rotation due to glucose falls. Hence the glucose set 
free in the hy'droly'sis of 'cane-sugar is a-glucose, and cane-sugar is 
therefore to be regarded as a derivative of a-d-glucose. 

Cane-sugar does not react W'ith phenylhy'drazine. This, w'ith the 
absence of reducing pow'er and mutarotation, show's that the union 
between glucose and fructose has been accomplished in such a manner 
as to eliminate both the potentially aldehy'de group of the glucose 
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and the potentially ketone group of the fructose. At tlic sanu^ lime 
the disaccharide so formed possesses 8 hydrox.\'I groups, for it forms 
an octa-acetate, in which these groups have been replaced by uc*etyl 
groups. Now cane-sugar is not hydrolyzed hy any of the (uizymes 
which attack disaccharides, but, on the other hand, it is very ra])idly 
hydrolyzed by a special enz^Tne, Ihvertase, whi<*h is found in many 
yeasts, moulds and in some of the higher plants, ’'riiis (ur/yme, 
however, is not able to hydrolyze fructosides, such, for <‘\ample, as 
methyl fructoside, formed from the onlinary butylene oxid(^ lyp<‘ of 
fructose. For this and other reasons, it is believed that ea nosugar 
arises from the combination of a molecule of the butylene-o.\i<le typ<‘ 
of glucose with a molecule of the ethylene oxide type of fru<*lose in 
the following manner: 


~0— 


chjOH choh ch choh choh cur 

I 

o 

/ 

/ 

CH.OH CHOH CHOH CH.C' CUHOH 

\ / 

O 


Kluroht' iiai'tion 


JiiK n.ii f Kiti 


After hydrolysis the ethylene oxide type of fructose is rapidl.s' and 
spontaneously converted into the normal butylene ()xid(‘ tyj)e 

Cane-sugar, or, rather, its product, glucose, does not undergo alco- 
holic fermentation in the presence of yeasts until it is broken down into 
glucose and fructose. Hence, yeasts which do not contain in\(M'tas(' 
are not able to cause alcoholic fermentation in solutions of caiu^- 
sugar. 

Trehalpse, which takes the place of cane-sugar in fungi and some* 
marine algai, is formed by the combination of 2 molecuI(»s of glucos<‘. 
Like cane-sugar it docs not reduce Fehling’s solution, nor do(\s it 
exhibit mutarotation or form a phenylosazone. The sugars an^ so 
combined, therefore, as to mutally neutralize tlieir potential ahleliNch* 
groups. The union must therefore correspond to tlie following 
formula ‘ 


CHaOH CHOH OH CUIOII CUIOH (UI 



CHaOH CHOH CH CHOH.CHOH CH^ 

I O 1 

This sugar is not decomposed by invertase nor by any of the enzymes 
which attack other disaccharides. It is, however, hydrolyzed by a 
special enzyme Trehalase, which is contained in many yeasts and 
fungi. 
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Obviously, a number of different disaccharides formed from glucose 
might conceivably arise from unions occurring at diflerent points in 
the chain of carbon atoms. Each of these, in turn, might be com- 
pounds of butylene oxide glucose molecules, or of ethylene oxide 
glucose molecules, or of pairs of molecules differing from one another 
in their internal structure. Among the immense number of conceiv- 
able possibilities only a few are as yet definitely known to occur. Of 
these four call for special consideration, namely maltose, isomaltose, 
cellose and gentiobiose. 

Maltose is a disaccharide which results from the hydrolysis of starch 
or of glycogen by acids or by ferments. Acids, however, continue the 
process of hydrolysis by splitting the maltose itself, so that maltose 
is only a transient stage in the hydrolysis of starch or glycogen by acids. 
On the other hand the ferments which split starch or glycogen do not 
hydrolyze maltose, so that if maltose-splitting ferments be absent the 
process of hydrolysis ceases at this stage. 

Maltose is highly dextrorotatory-, exhibits mutarotation, reduces 
Fehling’s solution and forms a phenylosazone. When hydrolyzed by- 
acids it y-ields 2 molecules of glucose, but it is much less readily- hy-dro- 
ly-zed by- acids than cane-sugar. The ferment Diastase which hy-dro- 
ly-zes starch and gly-cogen, the ferment Invertase which hy-droly-zes 
cane-sugar, the ferment Lactase which hy-droly-zes milk-sugar, and the 
ferment Emulsin which hy-droly-zes amy-gdalin and isomaltose, are all 
without action upon maltose, which is hy-droly-zed only- by- a ferment 
known as Maltase, found in many- animal tissues and in the majority- of 
y’easts. Maltose itself does not undergo alcoholic fermentation, and 
must first be split by- maltase or by- acids into glucose, but as the 
majority- of y-easts contain maltase, these yeasts can accomplish the 
production of alcohol from maltose. 

The glucose which maltose y-ields upon hy-droly sis is initially- highly- 
rotatory-, on adding ammonia the rotation falls. Hence maltose is a 
derivatne of a-glucose. It is, in fact, glucose-a glucoside. It can 
exist in two forms, according to whether the glucose moiety- which 
still contains a potential aldehy de group is in the a or ^ form. The 
one maltose, oi-maltose, is therefore o'-glucose-a-glucoside; the other 
is jS-glucose-a-glucoside. 

It is not definitely- known which carbon atoms are involved in the 
union of the 2 glucose molecules in maltose, but it is extremely- 
probable that the aldehy-de group of the 1 (glucoside) molecule is 
united to the primary- alcohol group of the other. The formula would 
thus be written* 
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It will be observed that in both trehalose and iiialtosc the inonosac*- 
charide molecules are united at their extremities, but that while the 
aldehyde extremities are united in trehalose, in maltose the aldehyde 
extremity of the one monosaccharide is united to the o])posite extremity 
of the other, thus leaving the aldehyde extremity of the latter free 
to confer upon the disaecharide its reducing power and i>ower of 
forming a phenylosazone and the property of mutarotation. 

Maltose can be synthesized from glucose by the condensing action 
of strong acids. But in addition to maltose another disaecharide is 
obtained by this process. This disaecharide is isomeric with maltose 
and yields, like maltose, 2 molecules of glucose on hydrolysis. It 
differs from maltose in the characterLstics of its jdienylovsazone, and 
also in the fact that it is not fermentable by yeasts. The ferment 
maltase, in fact, has no action upon it, while the fenneiit emulsin, 
which is found in certain plant-tissues and which has no a<*tion u]>on 
maltose, hydrolyzes this sugar with the production of 2 molecules 
of glucose. This glucose, unlike the glucose which is produced in the 
hydrolysis of maltose, is of low initial rotatory power. On adding a 
drop of ammonia to its solution the rotatory power increiuiva. ITence, 
this sugar, which is called Isomaltose, is a derivative of itJ-ghu‘()se. It is 
a mixture of a-glucose-jS-glucoside and jS-glucosc-iS-glucoside. 

Another glucose-/3-glucoside is Gellose (or Cellobiose), whi<‘h is ob- 
tained in the hydrolysis of Celliilose. It exhibits mutarotation, ri^- 
duces Fehling’s solution and forms a phenylosazone. Lik<‘ isomaltos<‘ 
it is not hydrolyzed by maltase, but is split by emulsin into its (con- 
stituent monosaccharides. It is very probable, however, tliat emulsin 
is really a mixture of two enzymes and that the enzyme Cellase, which 
hydrolyzes cellose, is not identical with the emulsin which h\'drolyz(cs 
isomaltose. Moreover, cellose is slowly hydrolyzed by lactase*. ( \*llos<* 
is believed to possess the following structure 
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Gentiobiose is also a glucose-jS-glucoside. It occurs in nature in 
the form of a trisaccharide, Gentianose, in the roots of gentians. This 
trisaccharide is hydrolyzed by invertase, yielding fructose and gentio- 
biose. This disaecharide exhibits mutarotation, reduces Fehling’s 
solution and forms a phenylosazone, so that one of the potential 
aldehyde groups is uncombined, but the point of union of the 2 
molecules of glucose has not yet been definitely established. Gentio- 
biose possesses an especial interest because it is formed in concentrated 
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glucose syrups under the influence of the enz\Tne emulsin, which, 
however, hydrolyzes the disaccharide in comparatively dilute solutions. 
The significance of this fact will be dwelt upon more fully in a later 
chapter (Chapter X). While Q:-gentiobiose is dextrorotatory the 
iS form IS levorotatory and the equilibrated mixture of ol and jS forms 
is slightly levorotatory. Maltose and isomaltose, on the contrary", 
are strongly dextrorotatory. 

JMilk-sugar, also called Lactose, has not been encountered in the 
vegetable kingdom. It does not occur preformed in any item of our 
diet excepting in milk, nor does it appear likely that one of its con- 
stituent hexoses, galactose, is commonly obtainable from any other 
dietary source than milk. Of course it might be obtained from brain- 
tissue, but this cannot be regarded as a customary item of our dietary. 
Lactose yields, on hydrolysis, 1 molecule of d-glucose and 1 of 
d-galactose. Lactose exhibits mutarotation, reduces Fehling’s solution 
and forms a phenylosazone. Lactose is not hydrolyzed by maltase, 
invertase, diastase or emulsin, but it is hydrolyzed by a specific fer- 
ment designated Lactase, found in the gastric mucous membrane and 
in a few yeasts such as Kephir yeast. This yeast is employed by the 
Arabs to make a sparkling alcoholic beverage, “Kephir,” from the 
milk of mares. 

Milk-sugar is found in varying amounts in the milk of all mammals. 
During pregnancy it is often found in small quantities in the urine, 
and after weaning it also tends to escape for a few days through the 
kidneys. Extirpation of the mammary glands in milch-goats and 
cows gives rise to a notable increase in the amount of sugar in the 
bloocl ( Glucohemia) and also to the appearance of glucose in the urine 
(Glycosuria). The intravenous injection of glucose may lead to 
lactosuria (appearance of lactose m the urine) when the mammary 
glands are acthely secreting milk, whereas normally the intravenous 
injection of glucose produces only glycosuria. It thus appears prob- 
able that in the mammary glands milk-sugar is formed from glucose 
alone, and not from glucose and galactose in the diet. On comparing 
the forniuhe of glucose and galactose * 
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it will be seen that the transformation of galactose into glucose involves 
the rupture of the oxide-ring and its closure again on the opposite side. 
No enzyme has yet been isolated which is capable of bringing about 
this transfoiination. 

It is for this reason, and possibly also for others connected with the 
metabolism of the intestinal bacteria, that maltose or cane-sugar can- 
not be regarded as satisfactory substitutes for milk-sugar in the diet 
of young infants. On the other hand, the assimilation-limit or quantity 
which may be ingested at once without leading to alimentary glycosuria 
is lower for lactose than for the other sugars, so that if large quantities 
of sugar have to be given to make up the requisite calorific* value of the 
diet, as in the case of fat-intolerant infants, maltose may be used as an 
accessory to lactose in the food. Cane-sugar being the disaccharide 
which is most foreign to animal tissues, and also the sweetest in taste, 
is much less suitable than milk-sugar or maltose for the dietary of 
young infants. 

The galactose which milk-sugar yields on hydrolysis is of low rotatory 
power, and its rotation increases on adding ammonia. Hence, lactose 
is gliicose-jS-galactoside, since it can be shown by forming the osazone 
of the sugar and hydrolyzing, when the phenylhydrazine remains 
attached to the sugar with the free (potential) aldehycle grou]), that 
it is the glucose radical which contains the potential aldeliy de-group, 
the aldehyde-group of the galactose offering the ])()int of union for the 
glucose molecule. The potential aldehy<le-group of the glucose radical 
can exist either in the a- or the /S-fonn. The a-laetosi* (rotatory power 
= + 8()°) is therefore Q:-gliieose-iS-galaetoside, while jS-lac*tose (rotatory 
power = -h 0/)°) is i3-glucose — /S-galaetoside No derivative of «- 
galactose is certainly known to oeeiir 111 nature. If, liowever, kephir 
lac*tase he allowed to ac*t upon a concentrated mixture of ecpial ])arls of 
glucovsc and galactose, two isomeric lactoses are ])roduced, both 
exhibiting mutarotation and both yielding d-glucose and d-galaetose 
on hydrolysis. One of these is ordinary lactose, llie other has been 
termed Isolactose and is posvsibly a mixture of «- and jS-glueose-o:- 
galactosides. 

The structure of lactose is as follows: 
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It is therefore analogous in structure to eellose, and it is of interest 
to observe that eellose is also hy<lrolysahle by lactase. 
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These relationships are very important, and we shall have occasion 
to refer to them again in later chapters. 

Melibiose is also a f3-galactoside of glucose. It is derived from the 
trisaccharide raffino&e by hydrolysis. 


POLYSACCHARIDES. 

We must now take up the consideration of the Polysaccharides, or 
carbohydrates formed by the union of more than two molecules of the 
simple sugars, with the elimination of a corresponding number of 
molecules of water. 

A few tri- and tetra-saccharules are tolerably well known and 
defined, of these the most important is Raffinose, CisHaaOic, a trisac- 
charide which is found abundantly in many plant-tissues and products, 
particularly molasses, eucal^’ptus-manna, wheat, barley, fungi, bacteria 
and yeast. It may be distinguished from cane-sugar by its greater 
solubility in methyl alcohol and by the fact that it is split by emulsiii, 
yielding d-fructose and melibiose, while cane-sugar is not attacked by 
this ferment. Hydrolysis by acids yields first d-fructose and melibic»se, 
then the melibiose is hydrolyzed more slowly, yielding d-galacto^e and 
d-glucose. Raffinose does not reduce Fehling’^ solution. 

Raffinose is not split by animal tissue-extracts nor b\ an\ of the 
digestive juices with the exception of gastric juice which slowl\ invert^ 
it owing simply to the fact of its acidit\ ancl not to any feniient con- 
tained in the juice As the gastric content'^ are onl\ distinctlx acitl for 
a brief period during digestion we may infer that thi> mode of splittinu 
raffinose is of no nutritive significance, Miice it niu-^t be of \er\ trixial 
extent. A portion of the raffinose contained in the food i^, probabh 
absorbed unaltered and excreted as such in the urine, the remainder, 
with the exception of the very small proportmn iii\ erted in the 'stomach, 
remains unaltered until it reaches the lary:e iiite'^tine cecum*, where it 
is rapidly inverted b\ the bacteria which inhabit tlii"* portion of the 
alimentary canal and is thus rendered axailable for riutririx e purposes. 

We here meet with a phenomenon which i'^ x earlx gn»xx’iiig of greater 
significance in our exes, namely the Symbiotic Relationship betxxeeii 
the mammals and the bacterial parasites xx hich inhabit their intestine^!. 
While the bacterial flora of the intestines constitute a para-itic gn»wth, 
yet their tenure of the intestine is not wholly tt> the disadx antage i»f the 
host, and through the multifarious enzxTiies xvhicli they produce, these 
organisms render available to mammals foodstuffs which would other- 
wise be indigestible and excreted unaltered. It is probablx for this 
reason that chickens and rats fed upon a strictlx aseptic diet do not 
grow normally. While in the instance chosen, that of raffinose, the 
products thus rendered available may not be of indispensable impor- 
tance to the animal economy, yet in many cases, as for example in the 
splitting of chlorophyll by the intestinal bacteria, the products wh^ch 
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result (containing methyl-pyrrole groujnngs) may very i)<)ssil)ly be 
unobtainable by mammals in any other waj^ 

The higher polysacehariclos are very imperf(‘<*tI,N^ <l<ifine<L W(‘ have 
no reliable methods which are available for detimnining their molec- 
ular weights, and we do not know, therefore, liow many mok»(*ules of 
sugar take part in their formation. The group is a very large one, and 
the general formula (Cmn2m-20m-i)n inay be ascribed to tlu‘ majority 
of its best-known members, indicating that thc>^ arc' formc'd by the 
union of an indefinite number, n, of monosaccharide aiihydriclc's. 
The following substances arc important and ty])i<*al members of tlui 
group: Starch, Glycogen, Dextrins, tanlin, Pectin, Humin, Cellulose, 
Gums and Vegetable Mucilages It is very im])orta.nt to recoll('<*t, 
however, that these arc merely arbitrary tenns used to des<*nbe very 
ill-defined members of the series. Thus wc cannot be <*ertain that 
there is only one chemical individual Starch; on tlu* contrary, it appears 
probable that there may be many stHr(‘lies, and star(*b is cc‘rtainly 
known in two widely different forms, to wit . a form insoluble in watiM- 
and a form which is soluble in water. On the otlun* hand it shoiihl be 
recollected that the differences wlii<*li are obsi'rved bi'twinm these 
forms of starch may possibly be ])urcly ])hysical and not <‘h('mical 
differences at all. We here eneomiter, in fact, a. iirobh'iii which is 
presented generally by the colloids, and which wv shall uhm*! with 
again in connection with the ])rotcins 

Starch, inulin, gums, mucilages and gly<‘ogcn do not ri'duci' m(‘talh(* 
oxides in alkaline solutions, ^llicydo not, tlu'n'fon', contain potiaitially 
active aldehyde-groups. Dextrins, on the contrar\, do contain aldc‘- 
hyde-groups, for they reduce Fchling’s solution With tin' ])ossibl(‘ 
exceptions of glyc*ogcn and inulin, the p<>lysa<*(*hand(‘s <lo not fonn 
crystals, or at least they liavc not as yet Ix'im i)rcj)ar('<l in crystalliiK' 
forni. Water dissolves some of them, olhcis only swell in cold water 
and dissolve in hot water, others are iiuairccted by vati'r Solutions 
of the polysaccharides do not taste sweet unless lu‘hl in tlu' mouth for 
a sufficient period to enable the <liastas<' (Ptyalin) in tlu' saliva to 
bring about hydrolysis- Solutions of the polysacchni id(‘s an' o|)ti<*ally 
active. The higher polysaccharides <lo not iliirusi' through parclmn'iit 
paper, thus behaving typically as colloids. *^rhey do not form com- 
pounds with pheiiylhydrazine. 

The polysaccharides play a wide variety of parts in the vi'getable 
kingdom. In the first place, they serve as resi'rvi'-inatc'rials, or store's 
of sugar, laid up against a future time of need, such a jiart is that 
played by starch (or vegetable gly<*ogen, as it muy be called in analogy 
to animal glycogen, which plays a similar part in the animal e<*onomy) 
and also by inulin. The gums an<l mucilages, on the contrary, serve, 
in part at least, to close up injuries and protect tlu'm while healing. 
The celluloses, again, have yet another function to perfonn. They, 
or their derivatives, constitute tlie supporting tissues of plants, just as 
bones or exoskeletons constitute the supporting tissues of animals 
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The Celluloses (the plural is employed because it appears highly 
probable that there are many modifications of cellulose), are insoluble 
in all ordinary solvents, such as water, alcohol, ether, and so forth. 
Cellulose dissolves, however, in solutions of many metallic salts in the 
presence of excess of strong acid, for example in zinc chloride in acid 
solution, and in the hydrochloric acid solutions of antimony, mercuric 
or bismuth chlorides. The requisite condition for solution appears to 
be the presence of a salt of a weak metallic base in acid solution. 
Another solvent for cellulose is an ammoniacal solution of cupric 
oxide, known as Schweitzer’s Reagent.” In the presence of con- 
centrated sulphuric acid, sulphuric-acid esters of cellulose are formed 
and pass into solution. If this solution be diluted and boiled, glucose 
is formed and glucose only, hence cellulose is an anhydride of glucose. 
A preliminary" stage in this hydrolysis is the formation of Amyloid, 
a soluble colloidal substance which resembles starch in yielding a blue 
color with iodine. A further intermediate stage of hydroly'sis consists 
in the production of the disaccharide, Cellose. 

Cellulose is indigestible by any of the ferments contained in or 
produced by mammalian tissues. It is, however, digestible by bacteria, 
and as much as 70 per cent of unlignified cellulose may be dissolvetl 
in vitro by the juices from the lower intestine of the horse. The 
products of this form of digestion are not sugars, hut carbon dioxide, 
methane and fatty acids. Human beings have been found to utilize 
as much as 40 per cent of young and tender cellulose, doubtlei^s through 
the agency of the intestinal bacteria. Hence the nutritive value of 
cellulose, especially in animals such as the cow and hor:>e, which pos^e=>s 
very long intestines, is by no means negligible. But the cellult>^er> 
are of significance to the animal economy from yet another point of 
view" By- xirtue of their incomplete digestibility" they" commuiiRate 
bulk and substance to the feces and thus> facilitate their passage through 
the intestines, in the first place by- bringing about a fax orable tlisteiitiun 
of the intestinal muscular w-alls, and in the second plate by* furnishing 
these muscles W"ith material upon w"hich to exert leverage. The ten- 
dency" of our times is to eliminate indigestible carbohy'drates more and 
more thoroughly" from the diet and the prevalence of intestinal 
and chronic constipation in modern communities is doubtless attrib- 
utable, in part at least, to this “refinement" of our foodstutts. A 
crude endeavor to correct this deficiency" in our diet is frequently 
made by- mixing bran or other coarsely- ground cellulose-rich materials 
w"ith the flour from w"hich bread is made. This remedy' may- in many" 
instances, how"ever, be w'orse than the disease, for the ingestion of large, 
horny- and sharp-edged indigestible fragments w-ith the food may" lead 
to lacerations of the intestine, and consequent inflammatory" reactions 
or enteritis. What is required is finely- ground cellulose-rich material, 
such as our ancestors enjoy-ed when they’" ground up their grains by 
hand between two hard stones. Agar is frequently- employed to com- 
municate indigestible bulk to the diet or, in recent y-ears, heavy-, taste- 
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less petroleum oils; but in administering those substances we are inoroiy 
striving to remedy the consequences of a totally unnecessary di<‘tar\ 
habit which arises from a threefold origin of public^ ignorance, a 
fancied superiority of things which are white, aiul therefore “pure,” 
white bread, white eggs, white (i. sulphured) dried fruits, white 
sugar (made to appear white by the ad<lition of litmus) and so forth, 
and in the irresponsible self-interest of millers and bakers, sin(*e the 
residues from the milling of flour have a higher economic valiu* as 
animal foodstuffs than they have as food for man. The War, through 
the introduction of more thorough utilization of grains to make “war 
flour” and “war bread,” no doubt proved a veritable blessing in dis- 
guise to many chronic sufferers, but this has not prev(nite<l tlu‘ rein- 
statement of our former habits. 

Cellulose occurs almost exclusively in the vegetable kingdom. It 
is found, however, in the shells of 7'tmicatfz. Otluu'wise it is unknow n 
in the animal kingdom. In the cell-walls of plants not only true <*(‘llu- 
lose is found, but other cellulose-like substances, some of which ,> ield 
not only glucose but other sugars, even pentoses, such as arabinose, 
xylose, etc. Polysaccharides which yield only iientosi^s on hydrolysis 
are also found, and are know n as Pentosans. 

As the cell-walls of plants advance in age they uiulergo a p<‘(*uhar 
change resulting in the acquirement of greater rigidity, '^flus i>roc(\ss 
is known as lagniflcation. The exact nature of the t‘hang(‘ whi(*h o<*<*urs 
is not know'll, but it has been suggested that Lignin is dcriveil from 
cellulose by the formation of coinjxninds with aromatic <lcrivati\ (‘s 

The vegetable gums and mucilages arc a very hetc‘rogcMuu)Us gnaip 
of polysaccharides The gums are insoluble, the imieilag<‘s soluble' in 
water. The majority of them yiehl galactose and arabinose wlu'ii 
hydrolyzed by dilute acids. Agar-agar, so w'ldcly used in ciiltiirc*- 
media for bacteria, is a representative of this class of <‘arh<>hyd rail's, 
it is derived from certain inaruie algie. From mariiu' algse of 1 lu' 
type is also obtained a polysaccharide yielding ])cntoses on liydrolysis 
wdiich is designated Algin. It is a colk)i<lal substance wduch behavt's 
like a w'eak acid, forms insoluble salts of ahimininn and lime, and is 
employed as a w'aterproofing material and a substitute for siz(' 

Closely related to the gums and mucilages is a group of substances, 
the Pectms, which are of very great industrial imiiortanee inasmuch as 
they are responsible for the gelation of fruit-jellies The pe(*tins are 
white, amorphous, gelatinous substances which form ('olloidal solu- 
tions in water, do not reduce Fehling’s solution, and yield galactose, 
glucose and pentoses on hydrolysis by acids. They are believed to be 
derived by partial hydrolysis, due to the organic acids })rcsent in 
fruit-extracts, from a series of parent-substances, the Pectoses, wdiic'h 
are present in plant-tissues in the form of insoluble calcium salts. 
The pectins are converted by dilute alkalies or by the ferment Pectase 
into Pectic Acid, the calcium salt of which is insoluble in water and 
forms jellies. Since pectase is destroyed by heat, the formation of 
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truit-jellies by extracting fruits Tvith hot sugar-solutions is not to be 
attributed to the action of pectase, but rather to the production of 
insoluble^ jelly-forming substances from pectose or pectin by the 
hydrolyzing action of the fruit-acids. The pectins are not hydrolyzed 
by diastases; they are, however, hydrolyzed by special enzymes* the 
Pectinases, found in malt and in certain moulds, which liquefy pectin 
jellies with the production of reducing substances, among which 
Arabinose has been identified- Careful hydrolysis with acids, how- 

er, yields Galacturonic Acid, so that it is probable that pectic acid 
is a polysaccharide formed by the union of a number of molecules of 
a glucoside-like compound of galacturonic acid with arabinose. 

Coming now to those polysaccharides which are primarily of nutri- 
ti\ e importance, Starch is the form in which sugar is chiefly stored up 
b^ plants for future consumption, although cane-sugar, inulin and 
other carbohydrates frequently play a similar part. 

Starch is found in the greatest amounts in those portions of plants 
which are subsequently to be dravrn upon for the materials of grow^th. 
T-hus seeds, roots, bulbs, tubers and the pith of deciduous trees in 
w inter are particularly rich in starch, this carboh\'drate frequently' 
comprising as much as 80 per cent of the dry- weight of the materiai. 
The starch is stored up in these tissues in the form of stratified granules, 
which differ characteristically- in form and size in different plants It 
is by means of these characteristics of form, size and stratification of the 
granules that we can tell very- readily whether a starch alleged to have 
been derived from one specified source has or has not been adulterated 
in the pursuance of “legitimate business enterprise'’ with starch 
deri\ ed from some other and cheaper source. 

The concentric rings, or stratifications, of starch-graiiis rejiresent 
their gradual growth, and intimate that the growth of starch-grain‘s 
takes place rhy thmically , periods of deposition alternating with 
periods of rest. Starch is only- slightly- and very- slowl\ change* 1 by 
cold water, but in hot w-ater the grains sw'ell u]> and finally burst, 
forming w-hat is know-n as “ starch-paste.” Neither starch nor starch- 
paste reduces metallic oxides in alkaline solution 

A familiar test for starch is the formation of a very deep iiuhgo-hliie 
coloration w-hen it is acted upon by- iodine solutions in the presence ot 
h,^ driodic acid or of an iodide. The color disa})pears on boiling ami 
reappears on cooling. In applying this test it is necessary to remember 
that^ it is not given in the presence of excess of reagents which are 
oxidized by- iodine, such reagents, for example, as hy-droxides of the 
alkalies, or sulphurous or arsenious acids. It is in connection w-ith 
this test that w^e meet w-ith very clear indications that starch is not a 
homogeneous chemical unit, for varieties of starch are know-n w-hich 
do not give a blue, but a reddish-brow-n or a “port-w’ine” color writh 
iodine. We do not know to w^hat these colorations are due, or w-hether 
they are specific, i. y-ielded by- one chemical individual alone, or 
generic, i. e., yielded by a group of similar chemical individuals. 
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On boiling starch with dilute mineral acids, glucose and only glucose 
is obtained. Starch is therefore an anhydride of glucose. If the acid is 
allowed only to act upon the starch in the cold, or with very gentle 
heating, a modification of starch known as “ soluble starch” is obtained. 
If we act upon starch for several weeks with cold dilute mineral acids, 
or for an hour with 4 per cent sulphuric acid at 80° C., we obtain 
“Amylodextrin,” which yields a port-wine coloration with iodine. 
Further hydrolj^sis of the amylodextrin yields a mixture of simple 
dextrins which give no color with iodine (“Achroodeartrin”) ; still further, 
hydrolysis yields Glucose, an intermediate product of hydrol^'^sis being 
Maltose, which, however, in the acid-hydrolysis of starch, is immediately 
broken down into glucose, so that in the h^"drol>'sis of starch by aedds 
maltose is only transiently present in the system. In the h^^drol^'v'sis 
of starch by diastatic ferments, however, unless Maltase be also ])rescnt, 
the final product of hydrolysis is the disaecharide maltose, the inter- 
mediate stages of hydrolysis being, so far as we know, similar to those 
observed in the hydrolysis of starch by acids. The hydrolysis of 
starch takes place, therefore, step by step, with the i)rodiiction of 
intermediate stages of hydrolysis before the final ])rodiiet, glucose, 
is obtained. We shall meet wnth analogous phenomena among the 
proteins, and if we draw a parallel, whieh is of (^oiirse only justifiable in 
a formal, not in a ehemieal sense, betw'cen the hydrolysis of starch and 
the hydrolysis of proteins, then we would have the following table of 
analogues : 


Starch 

“ Soluble htmeh” 
Ainylodoxti iii 
Achiooclcxtiiiib 
Maltoso 
Glucoho 
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Inuhn (Levulosan), a polysaeeharide found in the tubers of dahlias 
and in other situations, bears the same relationship to fructose that 
starch does to glucose. On hydrolysis by acids it yields only fnu’tose, 
it is not hydrolyzed by any of the diaslatu^ ferments whieh hydr()l,\ ze 
starch or glycogen. It is, hewever, hydrolyzed by a s])eeial foniUMit 
Inulinase. Inulin diflers very markedly from starch, in that it dis- 
solves readily in warm water with the formation of a solution instead 
of a paste, and it yields a yellow color with iodine. Mannan, whieh 
is a polysaccharide derived from mannose, is wddely distributed in 
plants, particularly in the tubers of Orchis and in the "'vegetable 
ivory” nut, which is the endosperm of the seed of the tagua palm, 
Phytelephas macrocarpa. 

In various other situations in the vegetable kingdom other poly- 
saccharides resembling starch and inulin arc found, differing from these, 
however, in certain characteristics. Thus we have Amylin, Lavosin, 
Cerosiu and Secalin, etc., found in grain-seeds, some of which yield 
glucose on hydrolysis, others fructose. In Lupmus luteus is found 
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Galactan^ a polysaccharide which fields only galactose on hydrolysis. 
In JAchens is found a polysaccharide, Idchenm, which yields only 
glucose on hydrolysis by acid, but which, curiously enough, is not 
hydrolyzed by diastatic ferments. It ^delds a yellow color on treat- 
ment with iodine. 

Glycogen is to the animal economy what starch is to that of the plant. 
It was obser\"ed by the distinguished French investigator, Claude 
Bernard, in 1848, that the sugar-content of the liver, excepting after 
stai^-ation, is very high. He further found that the sugar which the 
liver yields on standing is not present as such, but in a form resembling 
starch, which is rapidlj" hydrolyzed by enzjTnes contained in the tissues, 
or by acids, yielding glucose. Glycogen may be prepared from fresh 
liver by extracting the tissues with strong potassium hydroxide solu- 
tion, which decomposes the proteins but does not hydrolyze the 
glycogen, and then precipitating with alcohol. If the liver be allowed 
to stand before extraction, a much smaller quantity of glycogen will 
be obtained, and simultaneously it will be found that sugar has 
appeared in the liver. If the liver be heated to boiling before being 
allowed to stand the glycogen does not disappear and no increase in 
the sugar content of the liver is observ^ed. Evidently, therefore, the 
disappearance of glycogen in the liver on standing is due to the action 
of a hydrolyzing ferment which is destroyed or inactivated b^ heating. 

Gl\'cogen, although like starch an anhydride of glucose, is never- 
theless readily and sharply distinguishable from starch. It forms w hen 
pure a fine \\ hite ann^rphous powder. Its molecular weight is unknov n 
It dissolves in cold water, fonning opalescent solutions, but it is a 
typical colloid and does not diffuse through parchment. With iodine 
glycogen yields a reddish-brown or port-vine coloration which dis- 
appears on heating and reappears on cooling. 

The hydrolysis of glycogen, like that of starch, take^ place in step- 
like stages. Intermediate products of Indrolysis are dextrin'> and 
maltose. In the absence of maltase the diastatic fennents h\drol\ye 
it as far as the maltose-stage and then their action -^tops It is not by 
any means certain that there is only one glycogen or that there are not 
a variety of different reserve-carboh\ drates in animal tissues, hut if 
this is tiie case no means has yet been found of positively separating 
and identifying them. 

Glycogen is found in a variety of tissues, but the chief storehouses 
in the vertebrates are the liver and the muscles. In invertebrata 
glycogen occurs in organs which correspond in function to the liver. 
It also occurs in the protoplasm of unicellular animals and is abundant 
in yeast. It appears never to occur in the nucleus 

The glycogen which is stored up in the striated and smooth muscles 
of the vertebrata is of peculiar significance, in that it stands quantita- 
tively in direct relation to the -work w^hich the muscles perform. As 
the muscles do wmrk, glycogen disappears from^ them. As naight be 
expected, therefore, the percentage of glycogen in muscle varies very 



90 DISACCHARIDES, POLYSACCHARIDES AND ChUCO SIDES 


much in different animals and under different conditions, 
ing figures, given by Cramer, show this very clearly: 


Animal 

Dog Numbci 1 
Dog Numlior 2 
Dog Number 3 
Dog Numbei 4 


Muscle 

i Biceps biaelui 
Quadiiecps fcinoris 
Biceps biachu 
Qiuicliicoiis fonioiiH 
Doisal muHculaiino 
PoM en< )i a< 1( luc*l.oi s 
Doihiil muhculiitui o 
Postciioi arldiicloih 


The follow- 


Glycogen, 
per cent 

0 17 
0 53 
0 

0 32 
0 3 :i 5 
0 077 
0 417 
0 414 


Glycogen is also found in glandular, epithelial and connective tissues 
and in the brain. The distribution of glycogen in the body is very 
variable; the following figures were obtained by SchondorfV, employing 
dogs which had been well fed with carboh,\'drates and meat shortly 
before death: 

One hundred grammes of glycogen were distributed in different 
parts of the body in tlie following proportion in seven dogs emjiloyed 
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The pereentage of gl,^ cogen in the heart-muscle of the dog is sonu^- 
what higher than the ]>ereentage in its skeletal muscles, \vhil(‘ in tlu‘ 
rab})it glycogen is slightly less abundant in eanliae than in skeletal 
muscle. But although the glycogen contents of tlu'sc two t\pes of 
muscle are so nearly the same, the work which they habitually perform 
is very unequal, for while skeletal musele, in the resting condition, is 
merely called upon to maintain a certain degree of tcmsion or tonus, 
fitting it for immediately effective contraction, when tins be<‘omes 
necessary, the heart, on the contrary, enjoys no resting period except- 
ing the extremely brief interval between succ'essive rhythmic con- 
tractions. Furthermore, when the skeletal muscles are thrt)wn into 
activity the blood-pressure is raised and the lieart beats more ra])idl,>', 
so that its expenditure of energy is increased simultaneously with that 
of the skeletal muscles. The greater output of work on the part of 
heart-muscle is therefore not accompanied by the maintenance of a 
greater reserve-stock of carbohydrates and we must assume that 
unless the reserve-stock of carbohydrate in skeletal muscles is very 
greatly in excess of their needs, the reserve in heart-muscle must be 
inadequate and the heart must rely in the main upon its current 
income of glucose, derived from the blood, to maintain its activity. 
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Under conditions of starvation, however, this income becomes inade- 
quate and the heart responds, as Macleod and Prendergast have shown, 
by robbing the other tissues of their reserves and accumulating a 
glycogen-content which is far in excess of normal. While the other 
tissues lose glycogen during star\'ation, therefore, the heart gains it. 
The customary dependence of the heart upon an income of carbo- 
hydrate derived from without may be correlated with the fact that 
after each beat of the heart a definite and relatively lengthy period 
occurs, the “Refractory Period, during w^hich even the application 
of stimuli fails to elicit a contraction from the heart muscle, w’hereas 
ordinary striated muscle, relying habitually upon its reserve-stock 
of carbohydrate, may be stimulated repeatedly at exceedingly brief 
intervals, until relaxation between the contractions becomes a 
mechanical impossibility, and the contractions fuse into one “ tetanic’^ 
contraction which relaxes only when the muscle becomes exhausted 
and its stores of glycogen are depleted. 

The percentage of glycogen in the blood is extremely small and it 
is confined to the leukocytes. In fact, it appears that the only form 
in which carbohydrate material circulates in the vertebrata is that of 
glucose, and that this is also the only form in which carbohydrate food 
is utilized by the tissues for the production of energy, or the manu- 
facture of reserv’^e-materials. Notv the carbohydrates of the food are 
usually ingested in the form of starch, glycogen, and other polysac- 
charides, or in the form of disaccharides, such as cane-sugar or lactose, 
and these carbohydrates are readily utilized by the organism. Pre- 
paratory to utilization, therefore, these carbohydrates mu-^t undergo 
elaborations and transformations resulting in the formation of glucos.e 


AMnsrO-POLYSACCHARIDES. 

The hydrolysis of proteins, such as Mucms and Mucoids, which con- 
tain an ainino-hexose radical, results in the production of Chitosamine, 
w'hich is either d-glucosamine or, more probably, d-mannosamine. 
The most abundant source of chitosamine, however, is Chitin, which 
forms the exoskeleton of the Insecta and the Crustacea. It may be 
obtained in colorless semitransparent lamellae which are stained 
reddish-brown by iodine; on addition of sulphuric acid or zinc chloride 
the color changes to blue or violet. Hydrolysis with strong acids 
yields about 75 per cent of chitosamine. Chitin also contains acetyl 
radicals w'hich are liberated as acetic acid on fusion with alkali. 

Prolonged treatment with alkali in the cold leads to the formation 
of “soluble chitin,"' which is diffusible through parchment, but has an 
extraordinai^" aflSnity for w^ater, carrying the water in the dialyzer 
wdth it as it traverses the parchment, and withholding it from the 
cavity of the dialyzer against hydrostatic pressure. Other products 
of the partial hydrolysis of chitin are crystallizable (chitosans). 

7 
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OLUGOSIDES. 

The glucosides are a large and important class of substunccs, occur- 
ring in great variety in certain vegetable tissues, and also in exceedingly 
important tissues and localities in the animal body, '^riicy yield 
monosaccharides on hydrolysis and other radicals whic*h diller widely 
in different glucosides. 

Reference has already been made to the glucoside Amygdalin, which 
occurs in the kernels of cherries and almonds and is hydro],\v.cd by the 
ferment Emulsin, yielding glucose, hydrocyanic aci<l and beir/aldehydc. 
Various species of the CruoifercB contain irritant glu(*osidcs, notable 
among which are Sinigrin or Potassium Myronate in the oil of black 
mustard, obtained from the seeds of Sinapis nigra, and Sinalbin, in 
the oil of white mustard, obtained from the seeds of Shiapi^t alba. 
Both sinigrin and sinalbin are hydrolyzed in the ])rcscnce of water by a 
ferment, Myrosin, which occurs in the tissues of the plants from whicii 
they are obtained. The products yielded by the two glucosides are, 
however, very different, sinigrin yielding dextrose, ]>otassiuin l)isul- 
phate, and allyl isosulphocyanate, while sinalbin yields dextrose, sina])in 
sulphate (a sulphate of an alkaloid) and methyl idienyl isosulplio- 
cyanate. Both glucosides are intensely irritant when applied to the 
skin, and are utilized for this purpose in therapeutics. 

Glucosides of great therapeutic importance are also found in tlu' 
leaves and seeds of Digitalis pwpurca, Strophanthvs and Scilla, and 
comprise the most important active constituents of the ]>harina(‘oj)(eial 
preparations made from these plants, '^rhey have a characleristu* 
action upon heart-muscle, of which advantage is taken in Ihc medical 
treatment of cardiac affections The same ])Iants also contain gluco- 
sides which are either without effect u])on the heart or else' have an 
effect which is of secondary importance. Some of th('S(‘ glucosides arc 
members of the saponin series and contribute to the (‘ircctiviMicss of 
aqueous extracts of the plants hy holding in solution substances which 
would otherwise be insoluble in water. 

From a biochemical point of view, and in our present state of knowl- 
edge, some of the most important glucosides which occur in plant- 
tissues are the various members of the Saponin and Sapotoxin grou]). 
These substances are found in a very great variety of plant-tissues, 
but especially in Qmllaja (soapbark), l^aponaria (soai>wort), (U^ciavicn 
(cyclamin), Solanum (nightshade and potato) and Nmilax (sarsa- 
parilla). These glucosides behave like weak acids and are split on 
hydrolysis with acids into sugars and other substances which arc, for 
the most part, as yet undefined. They possess to a very remarkable 
degree the property of reducing the surface-tension at surfaces in 
contact with water in which they are dissolved and coating these sur- 
faces with an insoluble film, with the result that the forces tending to 
cause coalescence of bubbles are very much reduced^ so that the water 
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containing saponins froths like soap-solutions when it is shaken up 
with air. Hence the names “soapbark/’ “soapwort,’’ etc. For the 
same reason they have the property of holding otherwise insoluble 
substances in solution or suspension, since the suspended particles 
have less tendency than usual to clump together and thus form masses 
large enough to fall out of the solution. 

The saponins and solanins readily dissolve or form colloidal solutions 
of a variety of fatty substances, particularly the Lecithins, an important 
group of phosphorus-containing fatty substances which will fall under 
discussion repeatedly in future chapters. They also form, in many 
cases, insoluble compounds with Cholesterol, an aromatic alcohol, which 
is found associated with lecithins in all Ihing tissues. 

The power of the saponins to dissolve fatty substances is undoubtedly 
the origin of their remarkable action upon red-blood corpuscles, the 
stroma of er;s'throc\i:es being very rich in lecithins and other fatty 
substances. As little as 1 part of cyclamin added to 100,000 parts 
of blood causes complete liquefaction or Hemolysis of the stroma of 
the corpuscles with resultant setting-free of the enclosed hemoglobin, 
while liquefaction of a proportion of the corpuscles is brought about by 
even smaller amounts. Cholesterol tends to prevent this action of the 
saponins by combining with them to form insoluble compounds, and 
hence blood serum or plasma, since it contains a small amount of 
cholesterol, to some extent inhibits the hemolj^tic action of the saponins. 

A saponin, Digitonin, which occurs in Digitalis but is devoid of 
action upon the heart, is employed in the quantitative estimation of 
cholesterol. 

A series of glueosides which are of very great importance in the 
plnsiolog\ of plants are formed by the combination of glucose or 
rhamnose with the Flavones. These are yellow or almost colorless 
substances which contain a benzop^rone nucleus: 
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The flavone glueosides are generally colorless, or nearly so, but 
on hydrolysis the liberated flavone has a yelloTS' tint of which the 
intensity varies in different flavones. Oxidation of these flavones 
(or, as Willstatter believes, reduction) leads to the formation of the 
brilliant red, blue and purple pigments of flowers, the Anthocyanins. 
These are also frequently present in plant tissues in the form of 
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glucosides. According to Willstatter the aiithocyaauis arc deriva- 
tives of a benzopyrilium nucleus: 
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and, in consequonoe, he believes that they are derivi'd from i he llavon<>s 
by reduction (replac-ement of a (’O groiij) by ('ll). Wheldale, on tlie 
contrarj', has shown that the reduetion-iiroduet obtained from flavones 
in AtitirrKmivi does not resemble the natural antboeyanin pigment, 
and she believes that the aiithoeyanins are derived from tlie (lavoiu's 
by oxidation. Keeble and Armstrong liave also shown that the i)ro- 
duction of antboeyanin is generally associated with the presence of 
Oxidases. 

Armstrong has put forward the interesting suggestion tliat the 
plant-glucosides may frequently serve the purpose' of inimobili/ang and 
holding in re.serve substances which, when released from combination, 
may play a part in plant-metabolism similar to that which is pla\ed 
by Hormones^ in the metabolism of animals. 

In animal tissues glucosides are found esjiecially among tin* dc'i'om- 
position-products of Nucleic Acids and m the tissues of tin' brain 
The nucleic acids will fall under special consideration in a lati'i- chapter 
and it need merely be stated here, in passing, that tlu'.v ar<' i)hos])honc 
acid compounds of glucosides, the Nucleosides, i\hicli .Meld I'itln'r 
(1-glucose or d-ribose and nitrogenous bases on li,\'drol.\'sis. \ nneh'o- 
side is also found in minute traces in the blood and ('^erts an action 
upon the egg-cells of the sea-urchin {tiinnigyU roitrolm) similar to that 
of a saponin; it is, howx'ver, devoid of lytic action upon tlu' red blood- 
cells themselves. 

The glucosides in the brain, the Cerebrosides, occur in complex ratt\ 
compounds w'hich yield the free glucosides, Phrenosm and Kerasiu oii 
partial hydrolysis. They also exist in part prefomu'd in brain-tissiK', 
or at any rate can be directly extracted therefrom by solvi'uts siu'h 
as pyridine or hot alcohol containing benzene or chlorofonn. 'riieso 
substances are not confined to nervous tissue but arc also ])resent. in 
small amounts in the kidney and liver and probabl.v in other organs as 
well. They also occur in the yolks of eggs. 

The cerebrosWes are nitrogen-containing substances which are 
hj’^drolyzed by acids, j’ielding fatty acids, galactose, and a nitrogenous 


» See Chapter XVI. 
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base, Sphingosine, which is a diatomic amino-alcohol containing unsatu- 
rated linkages- 

C12H25CH: CH CHOH CHOH CH2NHa 

The fatty acid which is yielded by Phrenosin is a hydroxj^-acid, 
Cerebronic Acid, C25H50O3, while Kerasiix yields Idgnoceric Acid, C 24 H 4 g 02 
The two cerebrosides differ, furthermore, in their solubilities, phrenosin 
being almost insoluble in boiling acetone, while kerasin is readily 
soluble. Both cerebrosides are insoluble in water or in ether, but they 
dissolve in hot alcohol, from which they crystallize in needles or plates 
on cooling. Solutions of phrenosin are dextrorotatory, those of kerasin 
being levorotatory. 

With sulphuric acid the cerebrosides yield first a yellow and later 
a purple-red coloration. In the presence of cane-sugar and sulphuric 
acid, they \'ield a purple coloration immediately. This reaction is 
attributable to the sphingosine radical. 

Cerebrosides are absent in the brains of fetal animals, but with the 
advance of medullation they appear in abundance. It is therefore 
assumed that the cerebrosides are constituents originating in medul- 
lary sheaths rather than in the axons or nerve-cells. 


THE CARBOHYDRATE ESTERS. 

Phosphoric acid esters of d-glucose and d-ribose occur among the 
products of the partial hydrolysis of nucleic acids They will fall 
under more extended consideration m a later chapter In the alcoholic 
fermentation of glucose the enz\nne Zymase \\hieh accomplishes the 
conversion of the glucose into alcohol and carbon dioxide is inactive in 
the absence of phosphates, which thus act as co-enzNines or activators 
of the zjTnase This has been traced to the foimation of Glucose 
Hexaphosphate, which is believed to be the substance which is actualh 
attacked by zymase. 

Sulphuric acid esters, the Glucothionic Acids, have been found hy 
Levene and Mandel in a variety of animal tissues, the nature of the 
carbohydrate radical is not yet established. 

A sulphuric acid ester of an amino-polysaccharide, Chondroitm- 
Sulphunc Acid, C18H26NO13HSO4, occurs in important amounts in bones 
and other sclerous tissues and also in the walls of the great arteries 
and in certain pathological tissues. It is a normal constituent of urine 
in verj" small amounts. It is soluble in water, yielding levorotatory 
solutions, and is precipitable from aqueous solutions by alcohol. 
Hydrolysis by dilute hydrochloric acid yields sulphuric acid and 
Chondroitixi: 

C18H28NO1JHSO4 + H2O = C18H27NO14 + H 2 S 04 
chondroitin sulphuric acid + water » ehondroitin + sulphuric acid 
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Choiidroitiii reduces Fehling’s solution. On further hydrolysis 
it yields chondrosamine and d-glucuronic acid; it appears to be a 
compound of glucuronic acid and an amino-hex()s<‘, Chondrosaxnine, 
which is either amino-galactose or, more probably, atiiino-laloso. 
An analogous complex, Mucoitin Sulphuric Acid, is obtained by partial 
hydrolysis of mucin. It differs from chondroitin sulphuric* acid in 
yielding CMtosamine instead of chondrosamine. 
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CHAPTER V. 


THE HYDROAROMATIC DERIVATIVES: THE CYCLOSES, 
CHOLESTEROL AND CHOLIC ACID. 

GENERAL CHARACTERISTICS. 

A CLASS of bodies here claims our consideration, the members of 
which, while chemically distinct, are, in their physical behavior and 
physiological properties, intermediate in character between the carbo- 
hydrates and the fats. At the one extremity we have the cycloses, 
which, although polyatomic alcohols, nevertheless resemble sugars in 
their solubility in water, their percentage-composition, which is repre- 
sented by the formula C8H12O6, and their decidedly sweet taste. At the 
other we have cholesterol and the cholesterol esters or waxes which 
resemble the fats in their insolubility in water and solubility in organic 
solvents, and which are constantly associated with fats and fatty 
substances in the tissues in which they occur. They all contain a 
reduced benzene-ring and are thus related to the Terpenes; they are, 
furthermore, hydroxy-derivatives and thus yield a variety of color- 
reactions which depend upon the presence of a hydroxyl radical in the 
benzene-ring. 

The extreme importance of these substances in the life of tissues has 
only very recently- come to be suspected, but the variety of parts they 
are now known to play in essential activities of the living cell is so 
extensive that we have come to regard them as constituting a very 
significant factor indeed in the life-economy. Thus Inositol in com- 
bination with phosphoric acid is an important constituent of seeds 
and the rapidly growing parts of plants, while in animal tissues inositol 
is found in a variety of situations and may form an integral part of the 
molecule of the active principle of the anterior lobe of the Pituitary 
Gland. Cholesterol is found wherever fats occur in animal tissues, 
and the remarkable effects which it exercises upon the growth of 
epithelial tissues,^ show that it plays an important physiological role. 
Cholesterol esters or Waxes occur in abundance in vegetable tissues, 
while in mammals they occur in noteworthy amounts in the fatty 
sheaths of medullated nerves and in the cortex of the Suprarenal 
Gland. Cholic Acid, which is probably a derivative of cholesterol, 
occurs combined with amino-acids (amino-acetic acid or ethyl amino- 
sulphonic acid) in the bile, and the salts which these acids form with 
sodium play an essential part in accomplishing the digestion and 
assimilation of fats. 


1 Cy. Chapter XX. 
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It is questionable whether animal tissues are able to a<‘<*omi)lish the 
synthesis of any of these snbstanees; in laei, the balance^ of the evi(lc*ne(‘ 
at present available tends to show that they <*annot, and that vv<" are 
absolutely dei)endent upon vegetable tissue's for our suppliers of these 
essential materials. The investigations of (lardiuT, Denis, (’halatov 
and Anistehakov have shown that a<ldition of (‘holesterol to the 
dietary in abnormal amounts inereases the cholesterol-contc'ut of the 
tissues, while a diet extremely defieient in c‘holest<*rol n*sults in a 
like deficiency of cholesterol in tlie blood and tissues. On tlu' otlu'r 
hand, in vegetable tissues terpenes and terp('ne-d<'rivativ<'s abound, so 
that the ultimate source of cholesterol in the <li<‘t would appc'ar to 
reside in these products of the synthetic activit^N- of plants. 

The power of the animal organism to destroy <‘holest<'rol is V('ry 
limited, and if a considerable excess be administ('re<l in th<‘ di('t, tlu' 
unutilized cholesterol is stored a\vay in various tissues, particularly 
in the liver, spleen and sui)rareiuil bodies. In (‘('rtain animals, for 
example rabbits, but not in others, the excess of i‘hol<‘‘st('rol is in part 
deposited in the interior of the arterial walls, heading to tlu' formation 
of lesions, which simulate arterioscloroti<* lesions of the art(‘ri<'{- in 
human beings. The normal channel of excTction of clioh'stt'rol would 
appear to be the bile, in which it is i)resent in part in tlu' form of unal- 
tered cholesterol, and in part in the form of <*bolic acul, combiiUMl with 
amiiio-acetic acid or amino-ethyl-sulphonic acid to form tlu' “bih'- 
acids.” both of these substances are in ])art reabsorix'd from tlu' 
intestine, so that there is a tendency for <*holesterol an<l its jiroducts 
to circulate in the body and accumulate in the tissue's. Of <*ourse, this 
process cannot go on niieheekeel, otherwise the' a(‘<*umnhdions of 
cholesterol in the tissues voiild soon extinguish thi‘ir fniu*tional 
activities It appears possible from the abimdanci' of <‘holcst(n-ol 
esters ill the suprarenal cortex, particularly <lurmg cholc'stm'ol o\<n*- 
feeding, that the suprarenal glands may play a part in assisting to 
eliminate or destroy eholostcrol, but regarding tli(‘ nature^ of th<' 
ultimate products whicli may be fonned in tins proci'ss \v<' ixvv ('iitiix'ly 
in the dark. Inositol, on the other hand, whi(*h contains within itsi'if 
a much higher proportion of oxygen tluui cholesti'rol, is jiarlially 
oxidized by animal tissues, and the imxhicts of its oxidation ai)pear (o 
be indistinguishable from those of carbohydrate-metabolism. 

Not even inositol, however, and still Icvss cholesterol, an' of impor- 
tance from the purely nutritive aspect, i. e,, as sour(*es of oiu'rgy. Tlu' 
calorific value of the hydro-aromatic fraction of the diet is so vsmall as 
to be negligible in comparison with the total. Their signifi(‘a.n(*e li('s 
elsewhere, and if W'e revert to the analogy of inanimate macliiiK's we 
must class them with the lubricants and other ac'cessory substances 
which are essential to the smooth running of the mac'hmc, rather than 
with the fuel which supplies the energy of the machine. Indirectly, 
indeed, they must contribute to the available energy-value of tlie diet, 
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by permitting its more efficient consumption, just as the judicious 
einplo;yTnent of lubricants will diminish the necessary consumption of 
gasoline in an automobile-engine. Their influence upon the nutrition 
of animals is indirect, however, and not direct, and the hydro-aromatic 
derivatives must for this reason be classified as Accessory Foodstuffs 
or foodstuffs which are primarily utilized for other purposes than the 
production of work and heat, or the building up of the structural 
elements of tissues. 


THE CYCT.OSES. 


The hydro-aromatic compounds which lie nearest to the carbo- 
hydrates in their physical properties and physiological behavior are 
the Cycloses, or hexa-hydroxy-benzenes, which are represented by the 
formula: 

CHOH 



HOHC CHOH 

HOHC CHOH 


\/ 

CHOH 


A number of isomeric compounds are represented by this formula, 
differing from one another in the arrangement of hydrogen and hydrox\’l 
groups about the carbons. The form which occurs in animal tissues 
optically inactive, the levo- and dextrorotatory carbons lieing balanced 
and equalized within the molecule. This cyclose is designated Inositol. 
In vegetable tissues it is found widely distributed, occasionally in the 
form of ester-like compounds fdambomte, bornesite), but chiefly in 
the form of the hexaphosphate, the calcium-magnesium salt of v hich 
is known commercially as Phytin. Tliis substance occurs particiilarh 
abundantly in seeds and grains, the husks of which also contain a fer- 
ment, Phytase, which is capable of splitting the compound, in aqueous 
solution, into inositol and phosphoric acid, a hydrolysis which other- 
wise can only be accomplished completely by exposing the substance 
in acid solution to a temperature very considerably above that of boil- 
ing water. Intermediate steps in the hydrolysis of inositol hexaphos- 
phate by phytase are the tri- and mono-phosphates, which do not, 
however, occur preformed in the tissues of grains. 

In mammals i-inositol is found in small amounts in muscular tissue, 
from which it was first obtained and recognized as a distinct chemical 
entity. It is also found in combination with a complex fatty substance, 
containing nitrogen, in the tissue of the anterior lobe of the pituitary' 
body. This compound, to which the name Tethelin has been applied, 
is probably the physiologically active principle of the gland. On some- 
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what prolonged hydrolysis by alkalies and acids the substance breaks 
up and yields free i-inosito]. 

Inositol is readily soluble in water and alcohol and is obtained in the 
form of fine white acicular crystals by the addition of other to an 
alcoholic solution. It has a sweet taste, but being neither actually nor 
potentially an aldehyde or ketone, it docs not reduce metallic oxides 
in alkaline solution, and hence, of course, does not rcdu(*e Fehling’s 
solution- It is precipitated from aqtieous solutions by load ac^etale 
containing an excess of lead oxide (“basi(j lead acetate”)* 

Inositol may be recognized by the above peculiarities, by its melting- 
point (226®), and by the following characteristic reactions: 

Gallois’s Eeaction. — A drop of inositol solution is mixed with a drop 
of mercuric nitrate solution and heat gently applied until the water hus 
evaporated. A yellow color at first appears whidi <*hang(‘s on further 
heating to a deep red. This color disappears on cooling, and reappt^ars 
on reheating. 

Scherer’s Reaction.— A few crystals of inositol arc dissolved in a drop 
or two of nitric acid, of specific gravity 1.2, Jiiid an ccpial volume of 10 
per cent calcium chloride solution is a<ldc(l and th(‘ same volume of a 
1 per cent solution of platinic cliloride. This mixture is evaporat(‘d 
to dryness and the residue heated, when a rose-red (‘olor ai)])ears, which 
disappears on cooling and reappears with a bluish nuance on rehc^ating. 

Inositol is found in small amounts in normal urine, and tlu^ amount 
increases in certain pathological conditions, particularly in dialx'tcs 
insipidus and in Bright’s disease. The administration of inositol in 
unusual amounts by mouth gives rise to transient charrlu^a and to an 
increase in the Creatinine output in the urine, a fa,ct which, in tlu' light 
of considerations which will be detailed in subse((uent chapters, may 
possibly indicate increased destruction of tissuc-substanc<^s. Only a. 
very small proportion of the inositol administered by mouth is ('\<Teted 
in the urine, the remainder being oxidized and eliminated in tlu' form 
of products which are apparently indistinguishable from th()s<‘ of 
ordinary carbohydrate-combustion. In phloridzinized dogs the excre- 
tion of d-glucose in the urine, already a maximum, is incrc^asc^d by the 
administration of inositol, and if the additional output of glu<‘ose b(‘ 
added to the inositol which is excreted unchanged in the urine, the sum 
is approximately equal to the inositol administered. Uiuler t]ies(‘ 
circumstances, therefore, the ring-formation appears to undergo a. 
simple splitting with the partial transfonnatioii of inositol, m(>le(‘ule 
for molecule, into glucose. 

Cycloses other than i-inositol occur in vegetable tissues, but with one 
exception have not as yet been identified among the constituents of 
animal tissues. The exception is Scyllitol, which is found in the tissues 
of the bony (Teleost) fishes. It gives Scherer’s reaction and is oi)tically 
inactive, but it may be distinguished from i-inositol by its very high 
melting-point (380® as contrasted with 225®)- 
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In vegetable tissues occur l-iuositol in the form of the methyl ester 
in quebracho bark, d-l-inositol or racemic inositol (a mixture of the 
d- and 1-varieties) in the leaves of mistletoe, and d-inositol in the 
rosin and needles of conifers, in senna leaves and in India-rubber. 

CHOLESTEROL AlH) THE PHYTOSTEEOLS. 

Cholesterol, C27H46OH, may be represented, so far as our knov'ledge 
at present extends, by the formula of Windaus: 
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it is found in all animal fats or oils, in small quantities, in bile, blood, 
milk, yolk of egg, the medullated sheaths of ners'e-filiers, the liver, 
kidneys and suprarenal bodies. It is contained in considerable amount 
in cod-liver oil. Under pathological conditions it is found to constitute 
a verj' large proportion of the most frequently occurring t^\'pe of gall- 
stones, the conditions which ordinarily hold cholesterol in solution in 
bile, being in these cases, it appears, deficient. It occurs also in 
atheromata of the arteries, in tubercular cysts and in carcinomatous 
tissue. 

"When precipitated from alcoholic solution by the addition of water, 
or when deposited in the body, as in gall-stones, cholesterol forms 
characteristic crj’stals with one re-entrant angle, resembling flat 
rectangular plates with one comer knocked out (Fig. 2). These 
crystals contain one molecule of water and are white, of a waxy con- 
sistency, insoluble in water, soluble in alcohol, ether, benzene, etc., and 
in fatty oils. When crystallized from anhydrous alcohol-ether mixtures 
cholesterol forms acicular crystals without any water of crystallization. 
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Cholesterol may be held in solution or suspondecl in <‘niulsilic<l form in 
water by the addition of soaps, saixmins, bile-salts, or leeithin, aind it is 
by this means that it is held siispende<l in tlui bile am<l otli<n’ tissiK*- 
fluids. With Digitonin, in aleoliolie solutions, it fonns a eonipound 
which is insoluble in alcohol. This coinixnind is iitili'/ed in llx" (luanti- 
tative estimation of cliolesterol. 

As has been stated above, there is reason to suppose tluit (*hoI<‘sterol 
may possibly be decomposed in the suprarenal glands, and a. portion is 
possibly converted into cholic acid in the liver; but Tor tht‘ r<'st, so far 
as we know at present, the main channel of ex(‘retion for <*holestcM*ol 
is the bile. The cholesterol which thus finds its way into tlu^ ui)p<'r 
part of the small intestine, along with the cholest(‘rol of th<‘ food, is in 
part reabsorbed and in part retained in the intestiiu* until it is void<‘d 
with the feces. This latter portion of the (‘holesterol bec‘onu‘s sul)j<‘et 
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in the lower intestine to the putrefactive action of hactcriii, winch 
results in its reduction to a derivative of choh'sti'rol dcsiffniUcd 
Coprosterol, containing two additional hydrogen atoms, and r<‘prc.scn(cd 
by the formula ('27H47OH. 

Tlus ineflScient method of excretion would lea<l uiuloubtislly to a 
continual accumulation of cholesterol within the tissues, if it we?*t' not 
assisted by some means of destruction of the aceumulat(‘d exe<>ss. 
The power of the body to destroy cholesterol is, however, very liniitiHl, 
and if cholesterol be administered in the dietary in unu.sual quant, it i(‘s, 
it forms deposits in various organs, notably the liver and suprarenal 
glands, _ and may ultimately lead to the formation of serious lesions. 
There is, therefore, under ordinary circumstances, rather a delicate 
balance betweem the intake of cholesterol in the food on the one liaud, 
and its output in the feces and destruction in the tissues on the otlu»r. 
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If the power of the tissues to destroy or alter cholesterol is diminished 
for any reason we may anticipate that the excretory apparatus will 
be found inadequate, and that cholesterol will accumulate in the body. 
It is to this that we must probably attribute the accumulation of 
cholesterol which has been observ’^ed by Wacker in the subcutaneous 
fatty tissues of aged people, the decline in the activity of the tissues 
which accompanies age probably resulting in a deficient power of 
destroying cholesterol. It has been observed by Luden that the 
cholesterol-content of the blood in carcinomatous patients is usually 
high and that the esters of cholesterol which are present in normal 
blood are frequently absent in these cases. 

The administration of unusual amounts of cholesterol to young 
animals results in marked effects upon their Growth, which will be fully 
discussed in a later chapter. If cholesterol be administered to animals 
(rats) inoculated with carcinomatous tissue, the cancer grows much more 
rapidly than in normal animals and ^‘metastases,” or fresh growths, 
in localities distant from the site of the primary growth, are formed 
much more numerously and in a much higher proportion of animals. 
In this connection it is significant to observe that Carcinoma is primarily" 
a disease of old age so far as manifest growth or accretion of the parasitic 
tissue is concerned. It very rarely manifests itself in man before 
thirty' and increases m frequency very decidedly with advancing age, 
the incidence between the ages of sixty-five and seventy-five being no 
less than ten times as great as bet^’^een thirty-five and forty-five It 
is, however, impossible to initiate carcinomatous growths in animals 
by administration of cholesterol, unless carcinoma-tissue is already 
present as a result of inoculation or spontaneous development, so that 
cholesterol cannot be looked upon as a cause, but rather as a favoring 
condition of cancer-growth. It must be remembered that our estimate 
of the age of incidence of carcinoma is founded upon the date at which 
the growth obtrudes itself upon the attention of the patient or 
physician. For how long prior to this its beginnings have been actually 
resident in the body, we have no means of estimating, but jmlging b\ 
the analog^' afforded by other growth-phenomena (c/ Chapter XX; 
we may infer that the date of origin of the growth probably precedes 
by a considerable interval the date of its obvious manifestation, so 
that despite the fact that cholesterol cannot initiate cancer, the date 
of its diagnosis, and therefore its "‘apparent’' or “statistical” date of 
incidence may very possibly be determined by the acceleration of 
its growth due to an accumulation of cholesterol in the tissues 

That the administration of cholesterol by mouth actually results 
in its absorption is shown by direct observ^ation of the increase of 
cholesterol in the blood (Knudson), by the deposits of cholesterol which 
are subsequently formed in the tissues and by the above-cited effects 
of cholesterol-administration upon the growth of animals. On the 
other hand a diet which is deficient in cholesterol leads to a diminu- 
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tion of the cholesterol content of the blood and tissues. These facts 
point toward an exterior origin of the cholesterol in animal tissues- 
Cholcsterol itself, however, is not found in vegetable tissues, but 
the isomeric Phytosterols such as Sitosterol, found in seeds, and it has 
not proved possible to convert these into cholesterol under laboratory 
conditions. The administration of phytosterols to animals leads 
to an increase of cholesterol in the blood, while the unabsorbed pro- 
portion of the phytosterol is passed on unchanged into the feces. No 
phytosterol appears in the blood. The change of phytostcrol into 
cholesterol, therefore, appears to take place during the ]>assage of 
the sterol through the intestinal wall, or very soon after its absorption. 

Not only sterols, however, but even neutral fats in the diet, siK‘h 
as olive oil, also give rise to an increased cholesterol content of the 
blood, although in this case the cholesterol is stated to be i>resent 
chiefly in the form of esters, that is, in combination with fatty acids. 
In certain disease-conditions also, which involve the i)rescn(*c of 
much fat in the blood (lipeinia), the cholesterol content of the blood 
is increased. The source of this cholesterol is not known, but the 
increase of blood cholesterol in lipemia has been advanced in support 
of the idea that this substance may be synthesized by animal tissues. 
It must be recollected, however, that cholesterol is a constituent of 
every living cell, so that the cholesterol which a])pears in the blood 
after neutral fat absorption may very ])ossibly he derived from tissues, 
for example, those of the liver, and the blood-(*holesterol in li[>emia 
may even more readily be supposed to have been derived from a 
similar source. Thus, while it cannot yet be regarded as definitely 
proved that cholesterol is derived from phytosterols in the diet, yet 
the balance of evidence at present available points in that <lireelion 

Cholesterol yields the following series of color reactions together 
with others, for descriptions of which the student is referred to special 
monographs. 

Salkowski’s Reaction. — Cholesterol is dissolved in (*hloroforin and an 
equal volume of concentrated sulphuric acid is added, ''riie solution 
is colored blood-red which changes gra<lually to ]>urple. If the niixlun^ 
is poured out in a shallow layer and exposed to the air, the purple 
changes to blue, then green and ultimately yellow. 

Liebennann-Burchard Reaction. — Cholesterol is dissolved in a small 
amount of chloroform in a dry test>-tube, a few drops of acetic anhy<lride 
are added and then concentrated sulphuric acid is added drop by drop. 
The mixture becomes red, then blue and finally, if not too much 
cholesterol and sulphuric acid have been added, a permanent green. 

ObermliUer’s Reaction.— Dry cholesterol is heated in a glass tube with 
two or three drops of propionic anhydride until it melts. On cooling . 
the mass turns first violet, then blue, green, orange, and finally red. 

Schiff^s Reaction,— To dry cholesterol in an evaporating dish add a 
trace of ferric chloride, strong hydrochloric acid and chloroform, and 
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evaporate the mixture nearly to dryness, when the edge of the residue 
begins to turn violet. Then add more chloroform, evaporate to dry- 
ness and heat. The whole mass turns violet first with a reddish and 
later with a bluish nuance, and finally a dirty green. 

Neuberg-Rauchwerger’s Reaction. — This reaction is of exceptional 
interest because it is also given by the bile-acids and certain other 
derivatives of the terpenes. A common origin of the bile-acids (cholic 
acid) and cholesterol is thus indicated. With rhamnose or, better still, 
with d-methyl-furfurol and concentrated sulphuric acid, an alcoholic 
solution of cholesterol gives a pink ring, or after mixing the two liquids 
and cooling, a pink solution. 

Idfschiitz’s Reaction. — Dissolve a few milligrammes of cholesterol in 
2 cc of glacial acetic acid, add a few drops of benzoyl peroxide, and 
boil. On adding four drops of concentrated sulphuric acid to the solu- 
tion a green coloration is obtained, which rapidly changes to violet, 
then to blue. Oxidation-products of cholesterol yield this reaction 
without preliminary treatment with benzoyl peroxide, and in this way 
oxidation-products of cholesterol have been detected in the blood and 
tissues, and especially in cholesterol-concretions (gall-stones) in the 
gall-bladder. 

In plant-tissues there are found a variet\' of substances, the Phsrtos- 
terols, which are more or less closely allied to cholesterol. The best 
known of these is Sitosterol, an isomer of cholesterol, which occurs in 
wheat, rye, linseed oil and the calabar bean. It differs from choles- 
terol in cr\'stalline form, melting-point (137° contrasted with 14S.5° for 
cholesterol) and optical rotatory power. Its solubilities in various 
organic solvents and the color reactions which it yields are '^^mlla^ 
to those of cholesterol. It is absorbed together with cholesterol from 
the intestine. 

The difference between clwdesterol and sitosterol might aribe in 
one or more of three vays, namely: (1) A different position of the 
double (unsaturated) linkage, (2) a different position of the h\droxyl 
group; or (3) structural or stereochemical isomerism m the carbon 
skeleton of the molecule. The double bonds can be eliminated b\ 
hydr()genation and the hydrox\l groups replaced by hydrogen, but 
the resultant compounds derived from sitosterol differ from those 
derived from cholesterol. Hence we must conclude that cholesterol 
and sitosterol differ in their carbon skeleton. Obviously the complex 
structure of the carbon skeleton in cholesterol (see above) offers many 
opportunities of isomerism. 

In fungi Ergosterols are found which differ from cholesterol and also 
from the phytosterols. Thus, Mycosterol contains two hydroxyl 
groups and on oxidation it yields a compound containing three hydroxyl 
groups. 

We have seen that in the large intestine a considerable proportion 
of the imabsorbed cholesterol is converted into Coprosterol, which 
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differs from cholesterol in coiitainiiiji: two additional atoms of liydroj^cn. 
Doubtless it is derived from cholesterol by the redneinj? action of 
intestinal bacteria. The artificial reduction of cholesterol by nasc*c!it 
hydrogen, however, yields /S-Cholestanol, which is not ideiitic'al with 
coprosterol. The unabsorbed fractions of sitosterol (from seeds) 
and Chortosterol (from green leaves) , on the other hand, appear unaltered 
in the feces. 

The action of oxidizing agents upon cholesterol leads to ])roduction 
of a variety of substances, few of which have as yet l>ceii isolated and 
identified. Benzoyl peroxide, acting upon cholesterol dissolv<»d in 
glacial acetic acid, yields a substance, Oxycholesterol, which Lifschiitz 
regards as differing from cholesterol in containing two hydroxyl groups. 
It is, however, almost certainly a mixture of two or more oxidution- 
products. In glacial acetic acid containing a little sulphuric acul 
it yields an intense bluc-violet coloration which changes to bluc-gn'cn 
on adding a drop of a solution of ferric chloride in ac(»lic a<ad The 
absorj^tion-spcctrum of thivS solution shows an intense absorption- 
band between the Frauenhofer lines (- and J). Oxycholeslerol is 
much more readily emulsified than cholesterol itself Similar sub- 
stances have been found by Lifschiitz in a variety of tissiic^s. '^rhey 
occur most abundantly in the blood and are absent from th(» liver. 

If, however, benzoyl i)eroxide acts ui)on cholesterol dissolved in 
boiling chlorofomi, oxidation products result which contain two atoms 
of oxygen, but only one hydroxyl grou]). ()n(‘ of these substance's, 
a-Cholesteryl Oxide, is readily obtained in beautifully er.^stalhne form 
from solutions in methyl aleoliol. It <loes not yield any color with 
acetic or sulphuric acid either before or after tlu* adilition of fi'riic 
chloride. It yiehls an insoluble compound with digitonin an<l tlu* 
Liebennaiin-Biirchard reaction is ])()sitivc. In the Sa-lkowski ri'action, 
however, instead of the chloroform layer, it is tlie siil[)lnirie aeul la.vcr 
which is stained red. Cholesteryl oxide contains a carbonyl grouj), 
and its relationship to cholesterol is i)rol>ably as follows: 
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On heating with steam under pressure, cholesteryl oxide takes up 
the elements of water and is converted into Cliolesteryltriol: 

Ci7Hj2 
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More intense oxidation yields a series of acids, some of which are 
obviously related to cholic acid (which see). 

The important observation has been made by Lifschutz that dried 
defatted blood, when incubated with a solution of cholesterol in glacial 
acetic acid, oxidizes a considerable proportion of the cholesterol with 
the production of substances which yield a blue color with acetic and 
sulphuric acids without preliminary treatment with benzoyl peroxide 
Glucosides of cholesterol and phytosterols have been syiithe^iized 
by dissohdiig equal weights of sterol and bromacetylglucose in ether 
and shaking the mixture up with dry silver oxide. These substance^ 
are sparingly soluble in alcohol, chloroform or ether, but readil\’ 
soluble in hot p^Tidine or hot amyl alcohol. On cooling these 
solutions the glucosides are deposited in crystalline fonn 


bile~concbetions; ambergris. 

The concretions which occasionally fonn in the gall-blutlder are of 
three typeSy formed respectively of Calcium Carbonate, Bile-pigments 
and Cholesterol. Each of these types of gall-stone is usually con- 
taminated with a larger or smaller proportion of the constituents of the 
other types. The cholesterol-stones have a wax>', glistening and 
crystalline fracture, and are frequently deposited in concentric layers. 
They are often facetted by the pressure of adjacent stones, while their 
color is sometimes white, but more frequently tinged with bile-pigments. 

The cholesterol-stones are the type which most frequently occur in 
man. The conditions leading to their formation are unknown, but it 
is perhaps a significant fact, in view of the accumulation of cholesterol 
in the tissues with advancing age, that the incidence of cholelithiasis 
increases progressively with the advance of years, over 75 per cent of 
8 
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cases occurring iu persons over forty years ol age. It is, lurlhennore, 
stated that cholelithiasis is more freciuent in cnrcinoinatous than in 
non-carcinomatous subjects. 

On the other hand, the deposition of cholesterol tnay InHUK'iitl.N' 
originate, not so much in the abundance of this substance in tiui bile, 
as in its diminished solubility therein. An increase' in tlu' albuiinn- 
content of bile, as in inflammatory conditions, or by the adilition of 
egg-albumin to bilem viiro, may lead to the ileposition of clioh'storol, 
and it is stated that certain bacteria, particularly tlic typhoiil liacillns, 
dimmish the solubility of cholesterol in bile which they inhabit. 

The proportion of cholesterol in cholesterol-stones \ari<‘s from 
64 to 98 per cent. In addition then' occur derivatives of choU'stt'rol 
which yield Lifschuta’s reaction witliout prt'linuiiary o\i<lation, aiul 
are probably, therefore, <lerivativcs originating from cholesti'i-ol b.\’ 
oxidation. Similar substances are found in the blotid of normal p<‘r- 
sons, but are deficient in or absent from the blood of persons afllict<‘d 
with carcinoma (Luden). 

The biliary concretions of the sperm whale (Phijuvicr iii<irrori'j)lialun) 
are occasionally found floating upon the sea, or cast up u|)on th<* shores 
of oceans inhabited by these mammals. They arc found in dull gray or 
black masses, having a peculiar sweet, earthy odor, and form the 
Ambergris of commerce. When taken clirc<‘tl\\ from tin' inti'stinal 
canal of whales it is of a deep gray color, soft consistence ami ilisagn'i*- 
able odor, but on exposure to air it hardens ami ac<iiur<‘s tlu* charac- 
teristic odor just described. Ambergris formerly cnjo.M'd a high 
reputation as a therapeutic agent, but its therapeutic virtiu's i»robabl> 
resided in its scarcity and expensivencss. At tlu' prcst'iit tniK* 
ambergris is of importance solely in the manufactnr*' of pcrfinm', in 
which its utility depends upon the rather <'\traor<hnar.\ property it 
possesses, when added to periumes in minute amounts, of \ cr,\ inark<‘<ll.\ 
enhancmg their “ floral” fragrance. 

Ambergris consists in the main, freijuently to the <'\tcnt of Si"* per 
cent, of a substance, Ambrine, which very closely rcscmhlcs cholesterol 
in its solubilities, general appearance and composition. It is nisohibh' 
in water, highly soluble iu alcohol, ether and oils, ami <Tystalliz<*s in 
white, shining plates. 


CHOLESTEROL ESTERS. 

Cholesterol esters of the fatty acids are very widely distributed in tin* 
vegetable kingdom. In the animal kingdom they are found in the 
blood and IjTnph, in the medullated sheaths of nerves, in the cortical 
tissues of the suprarenal gland and in the secretions of the scbac-cous 
glands. The so-called fat or grease of sheep’s wool, wliich, when r(*fine<l, 
is commercially known as “Lanoline,” consists almost entirely of a 
mixture of the palmitate, oleate and stearate of cholesterol, togetlu'r 
with, a variable proportion of water. 
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The fatty acid esters of cholesterol resemble the true fats, or fatty 
acid esters of glycerol, in their solubility in organic solvents and 
insolubility in water. They differ, however, from the fats in the 
comparative difficulty with which they are hydrolyzed or “ saponified’’ 
by alkalies, in their resistance to the action of bacteria, so that they do 
not become “rancid,” and in the property they possess of absorbing 
or mechanically imbibing a large proportion of water, to form a mass 
which still retains a fatty consistency. For this reason lanoline has 
of late come to be employed very widely in therapeutics as a vehicle 
for aqueous solutions of drugs which, through this agency, may be 
applied as salves. 

The cholesterol esters differ from cholesterol in not being emulsi- 
fiable in water containing soaps Acetyl cholesterol, C27H45 OOC.CH3 
is also devoid of the characteristic action of cholesterol upon the 
growth of carcinomata. It would seem unlikely that this is due merely 
to the replacement of a hydroxyl-group by an acetyl-group, more 
especially since a variety of soluble and insoluble hy droxyl-derivatives 
of hydroaromatic substances have been found to be devoid of action 
upon the growth of carcinoma. It appears more likely that the loss 
of emulsifiability consequent upon the replacement of the h\'droxyl- 
group prevents the distribution of acetyl cholesterol by the blood and 
tissue-fluids to the cells of the carcinomatous tissue. 

The cholesterol esters are of exceptional interest to the ph\'sical 
chemist because they are the substances which were first observed by 
Lehmann to display the remarkable phenomenon of “fluid crystals,” 
or drops, which, while spherical and retaining the characteristics t)f 
fluids, nevertheless disjilay e^idence, afforded b\ the unequal refrac- 
tion of light in diflereiit a\es, of the possession of an internal (Txstalline 
structure. While other bodies are u<m kncAMi which disjflay this 
peculiaritN , the (‘holesterol esters still constitute a group vhich is pre- 
emineiitl\ suitable for the investigation of fluid cr\stals. The\ may 
be very readily obtained 1\\ gently heating the esters on a microscope- 
slide until somewhat above the melting-point, and allowing to cool to a 
little alxAc the melting-point 

According to Adami, fluid cr^stals, presumably containing choles- 
terol esters, ma^ be observed in the myelin droplets which fonn 
during the degeneration of the fatty sheaths of medulla ted nerves. 

THE BILE-SALTS AND CHOLIC ACID. 

The mixed bile-salts, sodium glycocholate and sodium taurocholate, 
may readily be obtained from ox-bile by mixing the bile with animal 
charcoal, evaporating to dryness, extracting with hot alcohol and add- 
ing ether to the cooled extract. If the process has been properly per- 
formed, a snow-white precipitate of fine acicular crystals (“Plattner’s 
crystallized bile”) is obtained which, in one or two crystallizations, 
may be almost freed from contamination. The two salts may be 
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separated by adding lead acetate to their luiucous solution, by \vhi(*li 
means the glycocholate is precipitated, while the taunx-holate nmiains 
in solution. Sodium glycocholate is the most abuiulant <-oiis1itiu‘nt 
of the bile-salts in herbivorous animals and in man, but is abst'iil from 
the bile of carnivorous animals. Sodium tauroeholate, on the con- 
trary, only occurs in small amounts in the bile of lu'rbivoni and man, 
while it is abundant in the bile of carnivora. 

The bile-salts are readily soluble in water, yielding solutions which, 
HVe solutions of the saponins, have a very low surfaec'-tension, foam 
readily, and hold otherwise insoluble substfinees in solution or susixm- 
sion. This is especially true of the lecithins, which an* r<*adily 

emulsified by bile-salts. The low surface-tension of thes(“ solutions 
is utilized very frequently in manoinetcTS for measuring v«‘ry minnt<‘ 
changes of gas-pressure. The solution of bilt'-salts does not “sti<‘k” 
or form drops on the sides of the containing tube, as water fre(jm*ntl,\’ 
does, and the meniscus or surface of the fliuM is llatttM* than that of 
water, enabling a reading of the height of a column to be ma<le witli 
greater ease and accuracy. 

The bile-salts and the free acids are further chara<-t<Ti/-<‘d by tlu> 
peculiar taste of their solutions, at onc‘e bitter and sw<‘('t. 'Plu' dr\’ 
salts form a very fine light powder which is irritating v lien it <-om<‘s 
into contact with the nasal mucous membranes. 

Hydrolysis of glycocholie acid by boiling with barium h,N<lro\i(h“ 
yields Glycocoll and Cholic Acid* 

CaHjgOj CO HN C’Hs rOOH + HjO = ('j.ill.i.i<), f ’OOII | < M I N 1 1 ( OOII 
glycocholic acid + water «=• rholic* at’id -h 'iniiiKi *indu at id 

while hydrolysis of taurodiolic ackl yields Cholic Acid ami ainiiio- 
ethyl sulphonic acid (Taurine). 

CAiHwOd CO.HN CH 2 CHaSOa OH + HiO = (>a,I !.»,(),( ^( )< >11 1 1 1 -N ( ’I I . ( M I . So .( H I 
taurooholio acid + water =* ohulio mnd -1- aiiinin-i'Mivl Miilphoiiir iind 

The characteristic peculiarities of the bile-aci<ls arc dct<‘nniiHMl l>y 
their common radical^ the cholic-acid fraction. Free cholic acid l.s 
almost insoluble in water, but its salts readily dissolve, fonnin^i; bit Itn-- 
sweet solutions which are dextrorotatory. The alkali salts ol* cIioIk* 
acid, on the other hand, are only sparingly soluble in al(*ohol, whih* tlu* 
free acid dissolves readily in this solvent, diolic acid may also Ix' 
recognized by the following characteristic reactions : 

Hammarsten’s Reaction.— If finely powdered cholic a(‘i( I bci ad<le<l to 
a 25 per cent solution of hydrochloric acid a violet-blue (coloration 
slowly appears which gradually changes through green to ,\'i'lIow. 

Mylius’s Reaction. — If an alcoholic (about 5 cent) solution of 
cholic acid be mixed with two volumes of iodine solution in al<x)hol 
and the mixture slowly diluted with water, rQicroscox)ic needles of 
an iodine addition-product are formed which are blue by transmitted 
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light. This reaction is characteristic for cholic acid and is not given 
by the conjugated bile-acids (glycocholic or taurocholic acids). 

Pettenkofer’s Beactioxi. — With a little cane-sugar, on careful addition 
of strong sulphuric acid, it yields a red coloration. This reaction, 
which is probably due to furfural formed from cane-sugar by the action 
of the sulphuric acid, is not absolutely to be relied upon, since similar 
reactions (differing from one another, however, in the absorption- 
spectra of the fluids produced) are yielded by a variety of substances, 
for example proteins, oleic acid, phospholipins, amyl alcohol and 
morphine. 

Neuberg-Rauchwerger’s Beaction. — Also given by cholesterol, which 
see. 

The structure of cholic acid has not yet been fully elucidated, but 
it appears to be definitely established that it is a derivative of the 
hydro-aromatic series. The decomposition products resulting from a 
variety of procedures contain fractions which are closely related to 
products which are similarly obtained from other hydro-aromatic 
derivatives, such as cholesterol, turpentine and camphor, and the 
identification by Panzer of hydroxy-hexahydro-phthalic acid: 
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anionj? the oxidation-products of cholic acid leaves very little room for 
doubt that hydro-aromatic nuclei exist preformed in the undecomposed 
molecule. Apart from these inferences, however, it is known that 
cholic acid contains one carboxyl-group and two primary and one 
secondary alcohol-groups united to a hydrocarbon-complex which 
contains cyclic linkages. The formula may therefore be written: 

( CHOH 
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C20H31 
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A related aei<l which is found in small amounts in ox-})ile ami also 
ill gall-stones is Choleic Acid, which <lif 1 crs from choli<* acid in its 
percentage composition (('21II10O1) and in its relative insolubility in 
alcohol. It yields a blue compound with iodine and also gives 
Hammarsten’s rea<‘tion with hydrochloric acid. Desoxycholic Acid, 
however, which also occurs in bile and in gall-stones, yields neither 
of these reactions, although it is isomeric with c‘hol(d(‘ a<*id. 

In the bile of animals other than man or the ox are found a. vari<dy 
of acids which have as yet been very imperfe(‘tly stmlied, hut wdii<*h 
differ in composition and physical chara(‘teristi(‘s from om* anotlun* 
and from cholic acid. A common origin of these substane(*s is probably 
to be sought in hydro-aromatie raclieals contained in tlu‘ <li<d and 
derived ultimately in all probability from vegetable lissm^s. 

The bile-salts are, in part at least, reabsorbed from the int(‘stim‘, and 
bile-salts adininistered by mouth cause a remarkable incrc^ast' in tlu‘ 
secretion of bile, in fact, with the possible exception of sali<*ylic a<*i<l, 
the bile-salts appear to be the only true Cholagogues or stimulants of 
the secretion of bile ^ When they are inje(‘tcd into tlie hloo<l or fonx'd 
into the blood, owing to an obstruction of the bile-ducts, Ii^ading to 
icterus or '‘jaundice,” they have a markedly depressant action upon 
the heart-muscle, slowing the heat very decidedly, and in large amounts 
they dissolve the red hlood-eorpuscles just as the sai)onins do Und('r 
these circumstances bilc-salts are probably exc^rcted in part in th(‘ uruu', 
but no reliable method of confinning their presenei* in tin* urine has 
yet been devised For clinical purposes, bowX‘V(T, this is not an incon- 
venience, since the presence of bile in the circulating blood is always 
evidenced by the appearance of Bile-pigments in the urinc^, winch an* 
readily detectecl in a variety of ways. 
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CHAPTER VI. 
THE FATS. 


THE TRUE FATS. 

The true fats are compounds, or Esters of tlic fatty acids with tlu‘ 
triatomic alcohol glycerol.* Thus tripahnitiii is fornu^d by th<* union 
of 3 molecules of palmitic acid with 1 tnolecnU* of glycc^rol and th<‘ 
elimination of a corresponding number of molecules of wat<'r. 

CH2OH HOOC.CifiHji CUra(K>C! C'lollsi 

I I 

CHOH + HOOCCioHsi = (UT OOC’ (’ififl.,! ~| .UI O 

I I 

CH2OH HOOC CibTT,,i ClfttOOr f ‘iiJIu 

By the action of alkalies this process is reverscMl an<l llic falt,\ a<*i<ls 
which are thus set free combine with the excess of alkali to form soaps 
The process of the hydrolysis of fats by alkali is th<'r<‘f<»r(‘ known as 
SapoiuJGLcatdon. 

Monoglycerides, i. e , glycerides containing only 1 fatt> -acid niol(*c!ih\ 
and Diglycerides are readily procurable in the laborator\, but tb<\v 
do not usually occur in natural fats unless th(\v have bt'cn t'\poh<ul 
to the action of fat-splitting enzymes (Lipases) or otlu'r sapoinf,\ mg 
agencies. In the Triglycerides the fatty-aeid radi(*als no< all lx* 

identical and 2 or even 3 dilferent fatty acids ma\' Ix' combiiaxl 
with 1 and the same molecule of glycerol to fonn luaitral fat. 

The specific gravity of the fats is less than that of water, ami when 
liquid, or liquefied by heat, those which are insolnbh' in watt^r float 
upon the top of it. The fats which arc formed from tiu* higlu^r fatty 
acids are insoluble in water, while the solubility of tlu‘ low'c'r im^mbers 
in water decreases as the number of earlmn atoms in the fatty acid 
molecule increases. They arc soluble in a variedly of organic solv<‘nts 
and form very stable suspensions or emulsions m water in tlu* prcseiux' 
of emulsifying (surface-tension reducing) agents su<*b as soaps, bih^- 
salts, saponins and so forth. 


1 The separation of e^ycerol fiom fats was first aocomplislic^d by tho SwchIihIi 
S cheelein 1779 News of this discovery had, however, not yet n»ach<Hl (.lie b^ptiHlativc' 
assembly of one of the allied nations in 1914, with the result that m 19Ii> a K^HpoiiHible 
official of the executive, in reply to tho inquiry of a legislator, stated that, it had only 
recently been discovered that nitrog^ycerm could bo made from fats It is i>('rhai>H 
time that a civilization which is based on mechanics, physics and oheiiiiHtry should insist 
on a ludimentary knowledge of tho practical import of tlioso Hei<*iieos or» tin* part <»f jIb 
legislators and executives. 
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The fatty acids which are found in the naturally occurring fats 
belong to two series, the saturated series, represented by the general 
formula CnH 2 n 02 , and the unsaturated or oleic acid series, represented 
by the general formula CnH2n-202. In this latter series of acids two 
of the carbon atoms are united by a double bond or unsaturated link- 
age which enables them to react very readily with hydrogen, oxygen 
or the halogens, the double bond being converted into a single one, 
and the remaining valencies of the carbons saturated by combination 
with the reacting atoms. The higher fatty acids which occur in nature 
usually have even values of n and the chain of carbon atoms is not 
branched. 

The lower acids, having small values of n, are found in the secre- 
tions of the sebaceous glands, and in butter, while the tissue-fats and 
vegetable oils are in the main composed of fats derived from higher 
fatty acids. Thus in sweat we find: 

Formic acid, H COOH 
Acetic acid, CHsCOOH 
Propionic acid, CaHsCOOH 
Butyric acid, CsHtCOOH 
Isovalenanic acid, CiHoCOOH 
Caprylic acid, CtHmCOOH 

These acids are probably secreted in combination with glycerol, but 
if the sweat be allowed to remain in contact with the skin, the glycerides 
are attacked by bacteria which hydrolyze them, liberating the free 
acids, to which the characteristic odor of the unwashed” is attribu- 
table. The odor of the lowest members of the series, Formic and Acetic 
Acids, is sharp, reminiscent in the former instance of ants, in the latter 
of vinegar. Propiomc Acid has an intermediate odor, while Butyric 
Acid has the odor of rancid butter and Valeriamc Acid the most intensely 
disagreeable odor of decomposing perspiration. The highest members 
of the fatty-acid series are non-vulatile and have only very faint odors. 

In butter the lowest member of the series is butyric acid, while 
caproic and caprylic acids also occur, together with higher fatty acids, 
particularly Palmitic and Oleic Acids. 

The majority of the tissue-fats are, however, mixtures of the gl\'cer- 
ides of Palmitic Acid, CisHsiCOOH, and Steanc Acid, C17H35COOH, 
of the saturated series, with glycerides of Oleic Acid, C17H33COOII, of 
the unsaturated series. The separation of the saturated from the 
unsaturated acids of the higher series may he accomplished by convert- 
ing them, after hydrolysis of the fat, into the lead salts, and extracting 
them with ether. The lead salts of the higher fatty acids of the satu- 
rated series are almost insoluble in ether, while those of the unsaturated 
series readily dissolve in this solvent. The ether extract, therefore, 
contains all of the unsaturated fatty acids in combination with lead. 
The lead may be removed by extraction of the ether with dilute hydro- 
chloric acid, leaving the free fatty acids dissolved in the ether. 
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THE CHARACTERISTICS OF THE NATURAL FATS. 

The varums animal fats and vcfijotahlo oils dillVr fronii one anotlu^r 
very strikingly in their physical characteristics and <‘h<‘7nical Ixdiavior. 
These difl'erences are in the main <letemuned by the r<‘Iativ<‘ ]>ropor- 
tions in which the glycerides of the three fatty a<‘i<ls abov<* mentioned 
occur ill the fat. The gly<*erides of oleic a<*i<l havc‘ the Io\v<\st im^lting- 
point, those of stearic acid the highest, and henc(‘ olive oil, which <*on« 
sists very largely of glycerol trioleate, is Iluid at ordinary tt'inpc^ra- 
tures, while mutton-fat, whi<*h contains a high proportion of gly<*<‘rol 
tristearate, is solid or seniisolid at ordinary temp(Taturt‘s. melt- 

ing-points of the j)ure fats are as follow. 

Tiioleiii . (»()"(* 

Tnpalnutm *»ri <)"(' 

Tristeaiin . 71 r*"(' 

a small admixture of triolein, however, rediuvs th(‘ nu^lting-point of a 
fat to a very considerable degree. 

The chemical reactivity of the fats is also strongly inlluiuKxxl b,\ 
their content of oleates. The unsaturated bond in ohne acid riMid(»rs 
it capable, under approi)riate conditions, of directly absorbinghy<lrog<ui, 
being thereby converted into the (corresponding satiiralcsl acid. 'I1n‘ 
artificial hydrogenation of XTgetable oils is now Ixang vor\ larg(*ly 
practised and results in the production of a solid fat, utilr/al)l(‘ for a 
variety of household ])urposes for which tlu‘ Hind oil would lx* unsuittxl 
The significance of the ])r(K'ess, however, got's far lx\\on(l this 'I'lx^ 
addition of two atoms of hydrogen to the oh^c acid inol<‘cul(‘ ad<ls 
considerably to its calorific value, siixv the heat of (*(nnl)nstion of tlu^ 
hydrogen to water is thus rendered available* for nutritive* piirpos<*s 
In the aggregate the hydrogenation of v(*getal)le oils adds to the* 
nutritive value of these fats an aniouiit* which would oth(*rvvis<* r(*<|Uire 
a very great deal of space and labor to pr(xhi(*e. From an (‘conomie* 
point of view, therefore, and as a means of foexl cons(*rvation. the 
hydrogenation of vegetable oils is a very desirable* thing to (‘iiconrage* 
It is true that the vegetable oils fail in important inspects to furnish 
the nutritive equivalent of annual fats, for, as we* shall see* in lat<*r 
chapters, the animal fats contain iU'ce.ssory foodst nil’s which are* 
essential for growth, and even for the maintenance e)f lu*alth, while* 
the vegetable oils are lacking in these. Tei the e*xt(*nt, hoxv<*ve*r, 
to which fats are employed in the diet feir their mere fiu'l-value*, the 
vegetable oils are fully equivalent substitutes for the animal fats, and 
only a small proportion of the total fat-consumption, at any rate in 
adults, is requisite to furnish the accesvsory fooelstulfs whi(*h we ae*e|uire 
from the animal fats. It is probable that tliero would be no danger of 


^ Roughly 7 per cent. 
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sliorta.g6 of the accessor^' foods being caused by the utilization of vege- 
table fats, unless meat and dairy products were at the samp time very 
deficient in the dietary. 

The unsaturated bonds in the oleates also confer upon the 

property of absorbing halogens, and the power of various natural 
fats and oils to absorb iodine is used as a means of characterizing and 
identifying them. The “Iodine Number" is the number of grammes of 
iodine which is absorbed by 100 grammes of fat dissolved in chloro- 
form and treated with a solution of iodine in alcohol or acetic acid. 
Other characteristics which are employed to differentiate the natural 
fats are The “Hehner Number,’’ or weight of water-insoluble fattv 
acids yielded by 100 grammes of fat; the “Acid Number," or pro- 
portion of free fatty acid in the fat, estimated by titration in alcoholic 
solution; the “Reicbert-Meissl Number," or proportion of volatile 
fatty acids yielded by distilling the hydrolyzed fats with steam, the 
Saponification-Talue, or milligrammes of potassium hydroxide neutralized 
by the saponification of 1 gramme of the fat, and the Acetyl Number, 
or amount of acetic acid yielded by 1 gramme of fat after treatment 
with hot acetic anhydride In the following table the melting-points, 
iodine numbers anti saponification-values of some of the fats most 
commonly employed are enumerated 


Fat 

Meltiiig-pomt 

lodino number 

Saponification 

value 

Butt 01 -flit 


26- 38 

220-233 

Poi L-tat 

C 

50- 70 

195-197 

Beef-fat 

40° 4S° C 

36- 4S 

193-200 

Shoe p-t allow 

440-4qo 

:r.i- 40 

192^195 

Huni.iii lat 

17 5® C 

57- 60 

193-199 

(’otl-hv'ei oil 

0° 10° C 

144-U)S 

175 

C'oHon-hooil oil 

:i°- 4° C 

105- 1 17 

191-190 

< )li\ e oil 

2° 10° (' 

7S- 01 

1S5 194 

Ijiiihoed oil 

-‘27° C' 

173-202 

190 195 


Cod-liver Oil is of especial interest to the physician because of its 
widespread employment as a food and therapeutic agent in chronic 
w’asting iliseases, such as tuberculosis and rickets. It is obtaineil from 
the livers of cotlfish by extraction with steam and water. It consists 
of a mixture of the glycerkles of a great variety of saturated and 
unsaturated fatty acids together w'ith a considerable proportion of 
phospholipins, a small amount of cholesterol, numerous nitrogenous 
bases and traces of iron, manganese, bromine and iodine. The thera- 
peutic value of the oil has been variously attributed to each of these 
constituents in turn, and on the other hand to the readily digestible 
character of the oil itself. Modern opinion inclines to the view that 
the efficacy of cod-liver oil resides partly in its high calorific value 
and the fact that it is usually added in considerable dosage to the 
pre€stablished dietary. In addition it is very rich in the fat-soluble 
accessory foodstuff. From this point of view it is not impossible that 
the therapeutic applications of cod-liver oil may be destined to increase 
rather than to diminish, as our growing knowledge of the exact require- 
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ments of the tissues enables us to use it with nior(‘ judf^niu^nt and h‘ss 
empirically than heretofore. 

Cotton-seed Oil consists of a mixture of the glycerides of oh‘i<* and 
linoleic and palmitic acids, while Olive Oil coiisists almost entiri»ly 
(89 per cent to 98 per cent) of the trigly(*eri<h^ of oleic nyUL 

Linseed Oil is of very j^reat importance in tlie indust ri(‘s <»n aci‘ount 
of its peculiar property of hardening wlien it <lri<'s in thin films c‘xpos(Ml 
to the air, forming a transparent waterproof surfaet' and u<*e<‘l<‘ratiiig 
the drying of other substances (])igmcnts, etc ) witli whi(*h it is iui\t‘<l. 
This process of hardening takes place at first slowly, and tlum inon^ 
rapidly, the products of oxidation which are formed aec(d<M*ating tli<‘ 
further stages of the process. The oxidation of linscH^d oil, \vbi(‘li 
results in hardening is, in fact, an '‘autoeaitalytic,” that is, a st^If- 
accelerated reaction, producing its own catalyzers. '’I'lu^se sul)slaiie<‘s 
are believed to be unstable peroxides which readily bn^ak <lov\ n, lib(*r- 
ating oxygen, or possibly ozone, which oxi<liz(‘s adjacn^nt uiol<‘<*uh‘s of 
the oil. Other substances which ac<‘clcrate the hardening ar<' powdt^n^d 
lead, zinc, copper, platinum or their oxhles. This i>henomenon <lepends 
upon the very large proportion of unsaturatt^d linkages whieli lins<*e<l 
oil contains; it consists of a mixture of tlie glyeerah^s of huohac, 
linoleinic and isolinolcinie acids (fatty acids of tIuMmsatiiratcMl s(‘ri(»s, 
CnH2n-602), with a small proportion of oIei(*, palmitic and in\ris<ic 
acids and a trace of unsaponifiablc material 

Castor Oil is obtained by expression from the s<hm1s or “lagans’’ of 
the castor-oil plant (Ricimis comviunis). It <*onsists in th<‘ mam of tla^ 
glycerides of ricinoleic acid, ("i 7 Tr 32 ( 01 T).('()()Il, a. h,\dro\,\-ac*id of tlu‘ 
unsaturated series. It is without aperient action until sai>onifi<‘d h,\ 
the bile and paiKToatic juice in the upper ])art of tlu' small int<‘slm<‘, 
and is therefore devoid of irritant action upon the* \\ alls of I la* s<onia<*h 

WAXES. 

In addition to the glycerides of fatty acids th<*re an* fouial in a 
variety of living tissues and tissuc-imxliKds, fatty acid esf<*rs <»f 
monatomic alcohols which are collectively ami s()m<*what loos<*l.\ 
designated Waxes. This term is not infreciueiitly e\t<*u<l<*d to in<*lu<le 
the cholesterol esters of the fatty aei<ls, for no better n^ason than that 
cholesterol is a monatomic alcohol, and that the <*hol<*.st(*rol <*st<*rs 
somewhat resemble the waxes in certain of their prop(‘rti<*s, imjre 
particularly in the difficulty with which they are saponith^d. 1 1 wouhl 
be preferable, however, to restrict the tenn “wax,” a.s w(' ar<‘ <loing 
here, to the fatty acid esters of the higher monatomic* alc»ohols of the 
par^n series. In this way we will include in the class all of the* most 
typical waxes of commerce, and we will exclude the t*ntiix*ly at.ypi<*al 
esters of cholesterol. 

The waxes are characterized by their high melting-point and the 
difficulty with wliioh they are saponified. They arc* not h>'drolyz<*d 
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by the fat-splitting ferments (lipases), and it is only with comparative 
difficulty ^at they are spUt into their components by alkalies. They 
are not hydrolyzed by bacteria, and hence do not turn sour or “rancid” 
on standing. WMe their high melting-points prevent them from being 
sticky or exhibiting any of the characteristic properties of fluids or 
oils at ordinary temperatures, yet they retain the “greasy” or slippery 
qualities of the fats (more accurately expressed as the possession of a 
low coefficient of friction) and their insolubility in water, a com- 
bination of qualities which renders them ideal and indeed indispen- 
sable agents for polishing and waterproofing the surfaces of rough or 
porous materials. 

In the skull of the white whale, or cachelot (Physeteir 7nacrocephahis) 
there is found a large cavity which, during life, is filled with an oilv 
lic][ui(i. Ihis licjuid. partially solidifies after the death of the animah 
and consequent fall in temperature, and separates into two portions, 
a solid crystalline part ordinarily called Spennaceti and a liquid known 
as Spermaceti Oil. Spermaceti is also found in some other whales 
and in certain species of dolphins. 

1 urified ^spermaceti is a mixture of fatty acid esters of monatomic 
alcohols. ^ 'I'he chief constituent is the palmitic acid ester of Cetyl 
Alcohol, (’loIIajOIT, mixed xvith small quantities of the lauric, m.iristic 
and stearic acid e.sters of the 12, 14 and IS carbon atom alcohols of 
the paraffin series (general formula, f'nHan-t-iOH). 

bperinaceti is used for making “wax-candles,” as a finishing material 
or Muterproof polish, and in pharmacy as a means of stiffening emol- 
lients and salves, and raising their melting-point, particular^' m hot 
chinates Sjiennai-eti oil is a very valuable lubricant for small ami 
tielicate mac-lunery or apparatus 

'riie Beeswax of c'ommerce is a digestion-iiroduct of the hone.\-bee, 
Jpt.'t wrl/iftca It is elaborated by special glands and the production 
of lajney ami wax stand in inverse iiroportion to one another, the pro- 
duction of 1 gramme of wax diminishing the yiehl of honey by from 
10 to 14 grammes, llegarding the mode of origin of the wax from 
the foodstulfs of the bee, wc are wholly in the dark. 

The chief con.stituent of beeswax is the palmitic acid ester of Myricyl 
Alcohol, ( '.tolIbiOII, with an admixture of other acids and e.sters. Bees- 
wax is employed in a x'ariety of industries too numerous to mention 
here, it is an imixirtant eonstituent of a variety of commercial waxes 
which are prepared by the admixture of paraffin and other substances 
with the beeswax to obtain the combination of physical qualities which 
is desired for the purposes for which the wax is to be employed. Adul- 
teration with paraffin and other non-saponifiable materials may be 
detected by the low saponification-value of the mixture, the saponifica- 
tion-value of pure beeswax lying between 90 and 97. 

Waxes are produced by a variety of insects, notably the Hymenop- 
tera (wasps and bees) and Homoptera (cicadas and scale insects). 
Japan Wax (or Chinese Wax) is obtained from a scale-insect which 
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infests the Chinese ash. The most widely employed vegetable wax 
is carnauba wax, obtained from the leaves of the wax-palm or 
carnauba-palm, which grows in tropical South Ameri(‘a. It consists 
of a ooiiiplex mixture of esters of higher monatomic alcohols. 

THE PHOSPHOLIPINS OR PHOSPHATIDS. 

In all living tissues, and without cxcei)tion, we find a variety of 
complex substances resembling the fats in their solubility in organic 
solvents, and yielding fatty acids, alcohols (usually glycerol), ])hos- 
phoric acid and nitrogenous bases when hydrolyzed. 'These sub- 
stances constitute the group of Phospholipins, and on account of their 
constant association in the tissues with cholesterol and <*holesterol 
derivatives they are sometimes included with these in the largcn* group 
of Idpoids or fat-resembling substances, the common (*hara.(‘t(M*istic 
of the group consisting in their high solubility in fats and oils an<l in 
the various fat-solvents. The term lipoid, howcx'cr, is nu‘r(‘ly a con- 
venient brief designation of a heterogeneous group of sulistaiuvs 
which may be chemically unrelated to one another, ''riu* phosjiho- 
lipins, on the contrary, arc a rather wcll-defiiUMl and hoinogeiK'ous 
group of chemically related substances 
The best known and most abundant representatives of tlu* phos- 
liholipin group are the Lecithins. These substances, which an' found 
in every living cell, yield fatty acids, glycerol, iihosiihoric ac'id and 
choline (—oxyethyl trnnethyl ammonium hydroxide) on h.\ <lrol,\ sis 
One molecule of phosiihoric acid is yieldc'd for evei\\ moh'cuh' of 
choline, and the phosphorus and nitrogen-contents of these substanc<\s 
stand, therefore, in the ])roj)ortion to one anotlu'rof 1 1 Tln'slruc- 
ture of the lecithins is believed to be repivsentcd by tlu' formula 

C’lIjO — (iiiltv a<*ul i.uiic.il) 

(’ll () — (i.iUy aoiU i.idicnl) 



The fatty acid radicals consist, as a rule, of palmitic, stearic or oleic 
acid, but at least one oleic acid or other unsaturated aci<i radical 
would appear to be invariably present, since the lecithins exhibit to 



PHOSPHOLIPINS OR PHOSPHATIDS 


127 


a very high degree the characteristic instability of the unsaturated 
fatty acids. This instability is in fact enhanced in the phospholipins 
generally to a remarkable degree, and the difficulties attending their 
preparation and purification are rendered exceptionally great by their 
extreme susceptibility to oxidation. It is a fact which is doubtless 
of very great significance that the tissues of the Brain are notably 
rich in phospholipins, while the actmties of the brain are exception- 
ally dependent upon an abundant and continuous supply of oxygen, 
the first bodily activities to disappear in asphj^xia being those of the 
higher cerebral centers. 

The various members of the phospholipin group resemble one 
another very closely in physical and chemical behavior. They differ 
among themselves most markedly, in the proportion of phos- 

phorus to nitrogen which they contain, and secondly, in their solubilities 
in certain organic solvents. 

Those phospholipins which, like lecithin, contain 1 atom of phos- 
phorus (i. e., 1 molecule of phosphoric acid) for every atom of nitrogen 
are termed Monoamino-monophosphatids; those which contain 2 mole- 
cules of phosphoric acid for every atom of nitrogen (P:N = 2:1) 
are termed Monoamino-diphosphatids; those which contain 2 atoms of 
nitrogen for every atom of phosphorus are termed Diamino-mono- 
phosphatids (P N = 1:2), and so forth. The highest proportion of 
nitrogen to phosphorus which has been found to occur in a phosphatid 
is that of 4 atoms of nitrogen for every atom of phosphc^rus 

The majority of the phospholipins are soluble in alctihol and in 
ether, but some of them are insoluble m ether, and others, while 
soluble in alcohol or in ether alone, are insoluble or but sparingl;\ 
soluble 111 certain niixtures of the tw o The great majorit\ of the ]>hos- 
pholipnis, Init not all of them, are precipitated from ether solutions 
1)\ the addition of acetone, a fact .which is utilized very freciiienth in 
their preparation. The\ are also precipitated b\ a ^arlet^ of metallic 
salts, and platinum chloride and particularly cadmium chh>rule are 
frecpiently employed for their separation and purification 

The phospholi]Dins are amorphous substances vhich are generally 
white or cream-colored when pure, but darken rai)idly on exposure 
to the air. The iodine-number simultaneously diminishes, indicating 
that the unsaturated linkages liave been partially neutralized by com- 
bination with oxy'gen. This oxidation is particularly' accelerated by' 
heat and by' traces of moisture, and the dried or partially' dried phos- 
pholipins are unfortunately' extremely' hy'groscopic, rapidly' attracting 
and condensing moisture when exposed to the air. The dry'ing of 
phospholipins without decomposition can therefore only' be achieved 
at low temperatures, and in vacuo or in an atmosphere composed of 
some indifferent gas. There seems to be some reason for supposing 
that the lability' of the phospholipins may' be greatly' enhanced by 
impurities which are commonly’’ associated with them, and that in the 
absence of these they' may be comparatively stable. 
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The majority of the i)li<)Sj>luilij)ins aiv rai)«ll.v i».v<lroI.v/,t‘«i hy (!u* 
fat-splitting fcnncnts or Lipases, yioKling fsifty sici<ls, glyct'ro- 
phosphoric acid and nitrogenous bas<‘s. (il.vcoro-phosplioric acid is 
not split by lipase, but is readily dwoniposed h.\ dilule ju-ids, .vi(*l<ling 
phosphoric acid and glycerol. Since glyc(‘ro-pliosplioric a<-i<l is not 
liberated from phospholiinns until they n*ach the small int<‘stiiu‘, 
where the reaction is alkaline, it w'onld app<*ar nnlikely that it is split 
before absorirtion. According to sona* authors, an <>n'/Mnc evists in 
tissue extracts from the liver, ki<lnc.^s and intestinal mucosa, which 
is capable of bringing about the dc<-omposition of gl.\ <sTo-phosphonc 
acid, but tlie constant iirescncc of uiMlccomposi'd gl.\ ciTo-phosphoric 
acid in small amounts in normal urine wonhl appear to rciah-r tins 
doubtful. Optically inactive gly<*cro-phosi)horic acid is readily pre- 
pared synthetically from gly<'erol an<l phosphoric acid; the gl,\<s‘ro- 
phosphoric acid yielded hy hydrolysis of phospholiians is, ho\\«-\er, 
levorotatory. It is soluble in water and insolnhli* in alcohol 'I'he 
calcium salt is readily soluble in cohl, hut almost insoInl>h‘ in boding 
water. 

The Lecithins, the composition and prohahh' sInn (ure cf \\ Inch ha\i‘ 
already been discussisl, occur in all |)lanl and animal cell:. A leci- 
thin or a mixture of lecithins is an abundant conslitiK'iil of (heiolks 
of eggs, and may he obtained in impure <-ondilion b.N extrai’lmg the 
broken yolks with ether, and adding acidone to tlu' <‘\(raet Is'cilhnis 
are also particularl.v abundant in .Minngand rapi»ll.\ growing oi eiiibrs- 
onic tissues. They progressively diminish as<Ie\ elopment procceils, and 
in the embryos of sca-nrehins, at all iweiits, the\ are jirobabls (he 
source from which tlie phosphoric acul is oblaini'd whieb is leipnieil In 
build up the nucleic achls in (he iinckd of the new cells. 'Pin- Ic<m( Inns 
are soluble in alcohol, ether, <*hloroforni, carbon bisiilpliidi*, ben/mie, 
and fats or fatty oils; they are i)reeii>itated from <‘(h<*i b\ (Ik* aihlilton 
of acetone. In water they swell up anil form pasty iiuism's w Inch throw 
out oilydropsnnd threads, the so-called “m.M'hn forms,” into the bo<l\ 
of the liquid. This probably represents the Ix^gimiiiig of an iniperf<>c( 
emulsification, and the addition of soaps, saponins or bih'-.salls acceler- 
ates and completes the jmicess with the fonnation of r(>la(i\i>l.\ stable 
milky emulsions which arc coagulateil by the aildilion of small ipiaidi- 
tics of salts of the alkaline earths (cahinm, barium or strontium). 
The lecithins have a peculiar greasy odor which is ratlun* sharp and 
reminiscent of dried brain-tissue. The.y arc tasteless. With Cadmium 
Chloride in alcoholic solution they form insoluble compounds whhii 
are utilized in their preparation ami purification. 

The lecitliins which arc contaiiieil in dilfcn'iit, tissiu's ma.N' iliffcr 
from one another in the fatty iwitls which they yii'hl on hydrolysis. 
Thus the lecitliins obtaincfl from Egg-yolk or Braki-tisstte yield <il<*ic, 
palmitic and stearic acids, wliile lecitliin derived from th(‘ Liver do(*.H 
not yield oleic acid, but in its place two more highly un.salurato<l 
acids which, after hydrogenation, yield Stearic Acid uud AraoMdic 
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Acid rcspeotivoly. TIxc uuauturated aracliidic acid yields an octo 
l)roinide on treatment with bromine, so that it probably contains no 
less than four un saturated bonds or double linkages. 

Moreover, there arc substantial reasons for believing that the 
lecithin derived from a single source, as, for example, egg-yolk or brain- 
tissue, is not a single substance. Thus the lecithin derived from 
these sour<*es contains unsaturated and saturated fatty acids in 
equiniolecular proi^ortion. Of the two fatty acid radicals in the 
molecaile, therefore, one must always be oleic acid. But the saturated 
fatty acids are two, namely, stearic and palmitic. We must con- 
clude, therefore, that jxart of the lecithin contains oleic acid associated 
with palmitic acid, while another part of the lecithin contains oleic 
a(*id assoedated with stearic acid. In other words, there must be two 
varieties <)f leidthin in the same tissue. Doubtless similar consider- 
ations will bo found to api)ly to lecithins derived from many other 
sources. 

It was formerly bclicvc<l that lecithins stood in a peculiar relation- 
sliip to certain types of snake venom and other hemolyzing poisons. 
If a i)ure hcinol,>'zing snake venom be allowed to act upon thoroughly 
washed l)lo()d-corpus<‘U\s, no hemolysis occurs. Upon the addition of 
blood-s(*rum or of impure lecithin, whi(*h by themselves are of course 
witlioiit action, Jiemolysis ensues at once. It has been ascertained 
by Hang, however, that ])urc lecithin prepared from yolk of eggs is 
devoid of a<*tivating influence upon cobra venom. It would thus 
a])])ear ])robabl(' that the activating ac*tion of other preparations of 
lecithin is attrihutahh^ to impurities which may, nevertheless, be 
])hos])hohpiiis. Similarl,^ the alleged action of lecithin in “activating” 
fibriii-fcinuMit (tlu* hlood-coagulating ferment), has recently been 
shown to b<‘ <lue, in fact, not to lecithin but to ceplialin. 

Ill cgg-\olk aiul in a \ancty of tissues we find another mono-amiiio- 
monophosphati<l, <lesignate<l Cephalin, whi(*h difiers from lecithin in 
being much less soluble in ah'ohol. It is particularly abundant in 
hrain-tissiic and may he extracted by dehydrating the tissue with 
a(*ctonc, extracting with ether and adding alcohol to the concentrated 
extract. It may he iiurified hy jjrecipitation with cadmium chloride. 
It usc<l to be alleged that ceplialin differed from lecithin only in the 
addition of a methyl group, but recent investigations have shown the 
<Uffercnce to he much more profound, inasmuch as the nitrogenous 
base ill cephalin is not choline, but amino-ethyl alcohol. Besides its 
great abundance in brain-tissues, where it doubtless plays an important 
r61o, cephalin is of very great physiological importance in consequence 
of the part which it plays in the coagulation of the blood. The investi- 
gations of ITowell and McLean have shown that cephalin possesses 
in high degree the power of neutralizing the anti-thrombin in the 
blood and thus permitting the thrombin, or fibrin ferment, to transform 
fibrinogen into fibrin and bring about coa^lation of the blood. Very 
small amounts of cephalin, therefore, decisively accelerate the coagu- 
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lation of the l)loo<l, and the iiiterestiiiK (»h.ser\a(ion 1ms Iweii made 
by Howell and Meix'an that, the eoagulalivt* power *»r e«*phaiiii is 
proportionate to its eontent of unsaturatml l’att.\ a<'jil. s<i lhat *lesf ruc- 
tion of the double linkages l)y tlie ahsorplioii of o\.\gcn or li.\drogen 
deprives cephalin of its eoagnlativc activity. .Neverf la*le«ss, th«>acli\ il.\ 
of cephalin is not wholly due to nn.saturate»l linUaKcs, !i»*caii.s* li\er- 
lecithin is devoid of coagulative action, altlanigh it contains latl.N 
acid radicals which art? oven more highlt nnsainrated than tho.M* 
which, are present in cephalin. 

Cuorin, which is found in heart mu.scle, is a niono-ainino-diphosphatal 
(P:N = 2:1). It is insoluhlo in alcolatl an<l in acetone, hnt \»*r.\ 
soluble in ether, chloroftirm anti benzene. It rca<lil.\ cninlsili**', in 
water and on the addition of alkalies the emulsions fortn clc.-ir solu- 
tions. The nature of the nitrogenous base in cuorin is tiof know n. It 
contains 3 acid radicals for every 2 inoh'cides of j)ho'.phoric acal 
Sphingomyelin is a phosphatidw'hich differs fnun It'eithins an<l c<*phidin 
in the absence of glycerol from the inolecuh*. On h.\dn>l\ sis it \ leitls 
a saturated fatty acid which is tisually Lignocenc Acid (< ’-.l li,< '< K)1 1 ), 
but which may differ in iircparations of spiiingoin.vt'lin dented from 
different sources. Besides this fatty acid, it .\iclds i>hos])liori<- acid 
and two nitrogenous bases, namely, choline and a nitrogenous ha .<• 
of incompletely known stnicture, SpMngosine t( 'idl i-tOII i .\I 1 see 
p. 213). Sphingomyelin is therefore a dianiino-inonopliosphatid It 
may probably he represented by the following formula • 

<)— <'iiIIj?(OIIj Nil <•<)< •.,ii„ 
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() = c-oii 
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()- < sit. 
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SpHngomyclin is widely iHstnlmted and has hei-n isol.ilisl from 
brain-tissue, yolk of egg, kidney uiul liver. It is insoluhU' in cf Iht or 
acetone, but is soluble in hot alcohol or pyridine, from whi<*h .solvents 
it IS precipitated on cooling. It is soluble in glacial uccflc ju-al aial iu 
ligroin. It may be purified by rcimateil crystalli'/ation from a mi\turc 
of pyridine and chloroform. 


OLncosroEs op the phospholipins. 

If glucose be added to an ether solution of h^cilhin, tlx- .sugar, which 
is ordinarily insoluble^ in ether, dissolves and b<‘<*oiues so closidy 
associated with the lecithin that rcpeatetl precipitation and re.solution 
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do not remove it- We infer that lecithin forms a compound with 
glucose, which, however, would appear to be a very loose one, since 
the analyses of various preparations indicate a very inconstant com- 
position. 

In the tissues of the liver vre find considerable quantities of a water- 
soluble phospholipin, Jecorin, which yields glucose, fatty acids, glycero- 
phosphoric acid, choline and hydrogen sulphide on hydrolysis by alka- 
lies. Farly observers were inclined to regard jecorin simply as lecithin 
glucoside, but the sulphur-content of jecorin precludes the adoption 
of this simple interpretation. Jecorin, like other phospholipins, is 
exceedingly hygroscopic and susceptible to oxidation. It is soluble 
in alcohol containing water and ether, but is insoluble or but sparingly 
soluble in absolute alcohol. With silver nitrate an aqueous solution 
of jecorin yields a precipitate which dissolves in excess of the jecorin 
solution; on the addition of ammonia this mixture turns dark 
red. It appears highly probable, from the variability of the analytical 
data obtained with jecorins from different sources, that a variety of 
substances of this general type exist in the tissues, more especially 
IS this indicated by the variable ratio of phosphorus to nitrogen, which 
in some preparations approximates to the value P.N = 1.2, while 
in others P N = 1 *4. In any case it is probable that the phospho- 
lipin portion of the molecule is not simply lecithin. All preparations 
contain sodium, which appears to be present in chemical combination. 

In the tissues of the brain 'we find a complex substance or series 
of substances which arise by combination of phospholipins with the 
Cerebrosides, which are glucosides ^ lelding galactose on hydrol> sis 
This substance, Frotagon, ma,\ be obtained by extracting dehydrated 
brain-tissue (dehy drate<l by acetone) with per cent alcohol, and 
cooling to zero, when the protagon in impure form is precipitated On 
])artial hydrolysis it yields sphingomyelin (see p. 130) and cerebrosides 
(see p 100). 

Protagon when dry fonns a fine white powder, it dissohes in Sfi 
l)er cent alcohol at 41)° O , but on cooling is precipitated in groiii)s of 
small acicular cry^stals It is difficultly' soluble in cold alcohol or ether, 
but dissolves in warm ether. It dissolves in methy 1 alcoliol contain- 
ing chlorofonn, but on standing this solution decomposes and a 
cerebroside, Phrenosm, is deposited- In water protagon swells up and 
forms a pasty'^ mass which dissolves in excess of w'ater, forming an 
opalescent solution. Solutions of protagon in py'ridin are dextro- 
rotatory, but on standing they decompose, depositing sphingomyelin, 
and become levorotatory. 

We are not certain whether protagon is a chemicaL individual or 
not. The composition as reported by different observ^ers varies 
very considerably, and yet preparations have been obtained which 
failed to alter in composition or optical rotation of their solutions after 
repeated resolution and recrystallization. 
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CHAPTER VIL 

THE PROTEINS AND THE AMINO-ACIDS. 

GEKERAL CHARACTEKISTICS OF THE PROTEINS. 

The greater and most characteristic part of the organic matter in 
protoplasm consists of colloidal substances containing nitrogen which 
are designated Proteins. As examples of the proteins we may recall 
white of egg, which is practically a solution of protein in dilute sodium 
chloride solution, or casein, which is flocculated out of milk by the 
addition of acids, and gelatin, which is derived from the connective 
tissues by extraction with hot water. 

The proteins all contain carbon, hydrogen, nitrogen and oxygen, 
while the great majority of them also contain sulphur, and a very 
great many of them contain phosphorus. Other constituents, for 
cxaini)le, iron, copper and iodine, are found in certain exceptional 
proteins or in compounds of the proteins with non-protein radicals 
containing these elements. The average composition of the more 
typical proteins is represented in the following table: 


Element 

Per cent 

C 

50 0 to 54 5 

II 

0 5 to 7 S 

N 

15 0 to 17 G 

S 

O 3 to 2 2 

V 

O 4 to O 0 

o 

21 5 Ui 23 5 


Wlien ]X'rl*ectly free from water, the proteins form loose white 
])owdcrs, ])ut wlieii imperfe<*tly dry, and especially if exposcil to heat, 
they teiul t<j form horny, semitransparent flakes or i>lates, so that in 
most of tlie older literature, before the motlern methods of dehyilratioii 
at low tcin]icraturc by absolute alcohol and ether were employed, 
tlie i>roteins were usually described as horny substances when in the 
dry condition. 

Wiiile drying, and in the presence of traces of moisture, the proteins 
show a marked tendency to discoloration, with the production of 
lieavily pigmented insoluble substances which are probabl^’^ related 
to the “humin substances’^ which are produced in the presence of 
carbohydrates by boiling certain of the amino-acid radicals of proteins 
with acids. Many proteins have curious and characteristic faint 
odors, but they are generally tasteless and amorphous. 

Notwithstanding their colloidal character and very slight diffusi- 
bility in solutions, many proteins may, nevertheless, under suitable 



coiKlilioiis, !)<• oWJaiiK'tl in cr.N sl.-illiiK* foiulifitni. 'riii.. i. i»itrti«'nlarl.\ 
Iruf of liciiiofrioliin, of of?K-!ill>iiiiiiii, llio !.cniin ■.•inttuiiiii iif fin* lior.r 
iiixl a varici.v of \<‘«o(al>l<‘ |»r(i(<*ln.s. 'I’ho soliilioii. of Oir itrol<-iii , 
aiv always op(a-all.\ a<-li\(‘ aial, wiUi 1 in‘ •‘MvpUon of tlx* . of 

lu*iiio^{loi)iii aixl lla* luit'Iro-prof^'iiis, an* loNorotator^s . 

Tli(> KP(“a( iiiajonly of <lu* proteins an* solnhh* in wafer or in \«*r.\ 
dilute n< i<ls or alkalx's Some <*’weeptiouaI prot«*in‘^, lnmt*\er, ai(*h a . 
TataatiTi from elastic* filxTs of c^oinax'tixe (issues, Koratin from ln»rn. 
Fibroin from silk iuai Spongin from .s|»oiij'es. are insoluble* jii water or 
in dilute acids and alkali<*s and require si nmn a<*id.> or alkalies to briiq' 
them into solution. Tlx* a<*tion of stncii^ soda upon a .pon^'e n»a.\ 
be cited in illustration. Tlx* prot<*iiis an* usually in*>olubIe in orujinie 
rcMiftents, althougli some* of the vegetable pniteins, partii*utarl.\ tho,e 
obtained from a variety of grains, are soluble* in Ml p«*p «*e*nl al«*ohoi. 
Many of the la'oteins ix)t e*omtn<mly regarded as ale’ohol- •olnbli* are*, 
however, soluble* in faitetly edkidine ideohol, if tlx*y jire lir »1 eli .,<»l\e*il 
in alkeiline wat(*r, aixl aleobol a<idt*d e>p to SO or 00 per (*e*nt. < 'a .e*in 

is soluble in warm anhydrous formie acid, but tlx* prote*in nnde'rgoe*! 
<lt*(‘ompc),sition if tlx* solution is allow'e*ei to stjuxl. 

The prote*ins eoinbine w’itb both acids aixl base**!, ix'utndr/ing (be*ni 
wholly or in peirt, anel e'itusing a elimiiintion eef li.\elrogt*n xtn . in 1 lx* i-a .e* 
of (*e>mbinatxm with ae*iels, or of b,\dre»\\l ion*, in tlx* e,i .e* of i*oinbi- 
uation w'itb base*s T1x*.n tlx*r<*fore belong to tlx* e*l,ess of .ub .t,iix*i* . 
de*signat(*<l Amphoteric Acids, <ir ae*iels wliie'li an* .iniiiltaneoii .Is 
capable of a(*ting as base*.s. I'nele'r e*i*r 1 ain eoixlilion. tlx* piotein. 
are also e*ai>able of e*ombining with ne*ulral salts 

When dissolveel in wa(e*r, e*spe*e*iall\ in faintb a<*xi .ohition ., tlx* 
pre items are iisnall\ moelifie*el by lx*at in *.neli a wa\ a . to n*niii*r tlx*ni 
less soluble*. 'I’liis }'<*ne*rally l<*aels (e» lloe*euliition or Coagtilation of tlx* 
preitein, eir if the seihition be* \e*r,\ e*oni*e*ii(ra(<*il, to tlx* foriii.ition of ,i 
linn jell.N , .su<*li as, for e*\aniple*, (he* while* of a hard-boiled e*j',i' 

'Fix* true* e*liju*a<*t(*riy,atiou of (lx* pro(c*ins de|i(>ixl . upon tlx* pie.e*n<*t* 
among the*ir liydrol,\ tie* ele*avag«*-produet*! of a pri*pond(*i.i(ini'. pio 
portion of Ammo-acids. .\o otlxT .single* ‘‘ti*.!’’ can be iehe*el upon 
te) de*me)ns(ral(* the pre*sene*e* eif a pre)te*in in a *.011111011 e*ontainim' 
unkiiow'ii sul)slaix*<*s, nor e*aii tlx* iiidiMehial proteins be* .11 l•lllille•l^ 
eharaeterize'el, as a ge*iie*ral rule*, in an\ ollx*r fe*rm*. tli.in tlx* propor 
(ions eif various ele*avage*-pn»ehx*ts \vhie*h tlx-y .\ie*lei em li\drol\ .1. 
By employing a mnltiplieity of t<*sts. Ixiwever, the* pn*,e*ix*e* e.f prote*in 
in a .solution may he e'.stahlislx'd h.\ the fae-t that tlx* imkneiwn .nb- 
staiiee yie'lels seve'ral po.sitive r<‘ae(iems. Keir (lx* iele*ntiHe*a(ie>n eif aii,\ 
particular prote*iii we de*[)en<l upem slight in*e*nharilies eif seihttiili(.\ 
in various salt seilutions, elihite acids and alkalie*,s, <*(e*., aixl upon 
physical peeuliaritit‘s and the nature of the ti.ssue* or flnxl in whie h (he* 
jirotein oe*eut*s. 

Tlie vuriems reactions whie*h the majeirity of the pnite*ins .\ie*lel may 



be subdivided into Coagulation Beactions, which involve or depend 
upon dehydration of the protein and the formation of complex insoluble 
anhydrides, Precipitation Beactions, which depend upon the formation 
of insoluble compounds with the precipitating agents employed, and 
Color Beactions, which depend upon chemical interaction with the 
reagents employed, resulting in the production of distinctive colors. 
The most important of these reactions are the following: 

Coagulation Beactions. — 1. Heat. — Heat applied to solutions acidi- 
fied with acetic acid. If mineral acids are employed, compounds 
of the protein with the acid may he formed which are incoagulable 
by heat. 

2. Alcohol.— Alcohol added to neutral or acid solutions. 

3. Concentrated Neutral Salts.— Concentrated neutral salts, partic- 
ularly ammonium sulphate or magnesium sulphate. In acidified 
solutions concentrated sodium chloride or sodium sulphate are also 
coagulants of protein. 

4. Strong Mineral Acids.— Upon the abiUty of the strong mineral 
acids to coagulate proteins depends Heller’s Test for protein in urine. 
The suspected sample of urine is placed in a test tube and concen- 
trated nitric acid is allowed to flow into the bottom of the tube from 
a pipette. At the junction of the two fluids a white ring of coagulated 
protein is formed. 

Precipitation Beactions. — 1. The Salts of Heavy Metals, such as 
cupric sulphate, lead acetate, mercuric chloride, silver nitrate, etc., 
form insoluble compounds with proteins. In the presence of excess 
of the reagent the precipitate which at first forms not infreciuently 
rcdissolves. 

2. The so-called Alkaloidal Reagents, such as phosphotungstic or 
lihosphomolybdic acids, tannic acid, potassium mercuric iodide, picric 
acid, trichloracetic acid, phenol and salicyl-sulphonic acid. Other 
ix'agcnts which similarly precipitate proteins are metaphosphoric 
acid, nucleic acids, chondroitin-sulphuric acid and taurocholic acid. 
I’otassiinn fcrroc-yanide and acetic acid yield an insoluble compound 
of tlic jirotcin with hydroferrocyanic acid. 

Color Reactions.— 1 Millon’s Reaction.— A solution of mercury in 
strong nitric aci<l yields a mixture of mercuric and mercurous nitrates 
dissolved in a mixture of nitric and nitrous acids. If this reagent 
be added to a protein solution, a precipitate is produced \vhich turns 
brick-red on heating. 

2. The Xanthoproteic Reaction. — On adding strong nitric acid to 
protein solutions and heating to boiling, a pale yellow .solution or 
coagulum results. On rendering the mixture alkaline with ammonia 
it becomes orange-yellow. 

3. The Hopkins-Cole Reaction.— A solution of glyoxylic acid, formed 
by acting upon a concentrated solution of oxalic acid with sodium 
amalgam, is added to the protein solution in a test tube, and sulphuric 



add introduml at ihc l)oUoni ot ilu‘ Uihy Uy nirnns of ;t piiH-lft** A 
reddisli-violct riii^ is fornuHl a< Uio jniKdioii (if tli«* <v\o liquid 

4. Acree’s Reaction. T<» tlu‘ sulutiou is ;Mldt»d an <*<iual m>1uuu* 
of a 0.02 p(T (*ont soludon of formaldrli\df* conlaiuiua a truo** nf 
ferric chloride. ( Uiiurntrate*! sulpliuric acid is then introduced licl<»v\ 
the mixture and at the jun<*lion of the two duals a \ iolct riutc i ^ formed, 

5, The Biuret Reaction. Tlie protein solution is nsidercd .Htron;L'l> 
alkaline with eoiu'entratod sodium or potassitiin h\dro\i<lc. ami a 
dilute solution of euprie sulphate is added, one <lroj» at a time A 
reddish or hluish-viol<‘t r<‘sults in solutions of proteins, and a^ pink 
color ill solutions of their <lig4‘stion pnMluets, (he |»eplone .. h!\eep 
tions are alVorded by the protamine /^^ronp of prot<dn \\hi<di \ it‘ld a 
pink biuret rea<*iion without pn^liininary hydroKsls, 

G. The Ninhydrin Reaction. ()iu*-tt^iith of a gramme of Trifcetohydrin- 
denehydrate (“ Ninhyclrhr’) : 

< 




< u ) 

is dissolve<I in from l\{) io 10 e<* of wat(‘r, I or 2 drop . of tin . solution 
are added to I ee of th(‘ protcun solution, and the ini\lure i . hi, Hid 
for a sliort time to boiling. On <‘ooIing, an intense blue or blni .h 
violet color develojis. This rea<‘tioii is given not onl> li\ protein , 
but also l)y their eleavag(»-produets, proteo.eN, peptone, and e\en 
ainino-aeids, with the exception of proline and o\\ proline 'Tin, 
rea<‘tioii is exe<!edingly <h‘li(*ate ami is given hv aib .taiiee . eoiH;miini'. 
at least 1 free earho\vl-group, ami I ainino-groii[), it will delei t 
glycine (aniino-aeetie aeiil) in solutions eonlamina onlv I pait in 
10,000. This extreme deliea<‘V, in fa<*t, remler» (he leai tion i.Hhi i 
unserviceable as a practical t<‘st for prot<*ini. or theii dei ompo .iinm 
produ<‘ts, since such e\traonlinar,v pn^eautions have to be t.d.en to 
ensure that apositive test may not have* b(‘<‘n attributable to aeeidental 
contamination of reagents or ajiparatus with trae<- . of tin* manv aib 
stances that will yield a positive reaction. 

All of these (x>lor rea<*tions, with th<‘ e\<‘<*ption of (he biuret nxietion 
and the ninhydrin rea<*tion, <lepeml upon speciji<- atoinie groupiiiic* 
wdiicli are usually but not invariably prt'stmt in tiie protein inoleenle 
Thus, Milieu’s reaction is attributable to a hydro\\d>en*/ene radical 
wliicli is usually present in proteins in the form of the ;uuim»-aeid 
Tyrosine, but is absent from eertain proteins, for example* gelal in. 'Pin* 
xanthoproteic rea(*tion is attribut4ible to aromatic* groups whieh an* 
provided by the Tyrosine, Phenylalanine am! Tryptophane radi(*als in 
the protein molecule. The xanthoprotcue r<‘aetion is iUvtvUtrv not 
given by proteins such as the menibers of thci protamine group, in 



which these radicals are lacking. The Hopkins-Cole reaction is 
attributable to the indole linkage: 

c— . 




which is present in the tryptophane (indole aminopropionic acid) 
radical of protein. It is therefore not given by proteins from which 
this radical is absent, such as, for example, zein, a protein obtained 
from corn (maize) . 

The biuret reaction, on the contrary, is yielded by a variety of sub- 
stances such as oxamide, biuret, etc., which are not proteins. The 
Deaminized Proteins, which are laboratory products formed by acting 
upon proteins with nitrous acid, and in which the NH2 groups have 
been replaced by hydroxyl-groups, no longer give the biuret reaction, 
altliough they otherwise resemble the natural proteins in physical and 
chemical beliavior. 


THE CLASSIFICATION OP THE PROTEINS. 

American and English biochemists have unfortunately adopted 
slightly different systems of classification of the proteins. The Ameri- 
can classification, adopted by the American Physiological Society and 
the American Society of Biological Chemists, is as follows* 

I. SIMPLE PROTEINS: 

Albumins. 

Globulins. 

Prolamins (alcohol-soluble proteins). 

Albuminoids. 

Histones. 

Protamines. 

II. CONJUGATED PROTEINS- 

Nucleoproteins. 

Glycoproteins. 

Phosphoproteins. 

Hemoglobins. 

Lecithoproteins. 
ra. DERIVED PROTEINS: 

1. Primary Protein Derivatives- 
Proteans. 

Metaproteins. 

Coagulated Proteins. 

2« Secondary Protein Derivatives: 

Proteoses. 

Peptones. 

Peptides. 
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'1'Ih‘ <Iji wliiili ». ii i‘inpl«»\ **<1 in i fhi* 

follow ill.!* 

I. STMPLK PROTKINS* 

Protamines. 

Histones. 

Albnxnms. 

Globulins. 

Gliitelins. 

Alcoliol-soluble Proteins. 

Sclexoiiroteins. 

Phosphoproteins. 

II. CONJUGATED PROTEINS 

Glucoprotoins. 

Nucleoprotoins. 

Chroznoprotoins. 

III. PRODUCTS OF PROTEIN HYDROLYSIS 

Infraproteins. 

Proteoses, 

Peptones. 

Polypeptides. ^ 

.\oitlu*r of (lir.r A .trill, of ria iliratlini I li*rr fnnii objri tion 
'I'o thrill liotli tlir ii;<'iirral oli|rrfjon aj»pln* , fli,il tlir <ii tint tion , 
ilniwii arr lararK ha^rd upon sariatmn in pli; n al lnh.ivioi wlmli 
do not iirr<‘ .sarils t orn^poiid to fuiidainrui.d ditloii lu < td i liriiin ,d 
an‘hit(‘rlnrr, wliih*, on thr otln^r haml, nianv piotriu t»r piuft in lihr 
siihstaiKri arr known wlitilt dt .pla\ intri nirtli.itr th.ir.iiftn tn oi 
in<li\ idual ))r< uliarttn* . w Idf li irnd(*r t linr nil In lonin.in; td tin i l.i t 
rnuriKTatrd a mat l*‘r ot moif cir Ir arluti.m opinion d'lii Xinc n* .m 
M ‘drill nil ludr . tlir t oaindal rtl prof (mi , wlmh .iic .diiio t «tr!.iinl. 
drri\rd from iiativr jnotrin l>\ ali fr.it tii»n t»f w.iit i Ikhii tin mtih 
rtlh*, 111 thr ".aiiir t la . . with pndtMii . ami imt.iprtiiim , v hi< h .iti' 
drrnrd from natisi* protrin . I»\ paiti.d li;, dml; i 'I In 1 n, Ii h 
<‘la.s:afirat ion ha i the* mmt of .impln its, hut it utiulil ht moit .ni’ i 
ahir lo inrliidr thr plio .pliopnd rin . anion;* thr t tin|ni‘.il(’il pmli m , 
as in (hr .Vnirra an rIa . i lit at ion, and to at Id .t fttui f h ;*ionp to .o i t>m 
modatr (In* ro.mmla(<‘d protrin. 'Plir trrm prolanum* i alai pirln 
ahlr to thr <l(*si!;na(ion "ahohol .oluhlr prednn hrt.m r it tlr.iw 
at trntion to thr liijLcli ♦ ontriit of (hr amino aritl prolinr, w Im h ( harar 
t<*ri/.rs tlirsr pndrim. riiorr fundamrulalls than thr phs it .il proprrts 
of .soluhilitv in Si) prr rrnt alndml. 

'Flu* salirnt rharar(<*ri dir * cd’ (hr a* sarion. i ht * r. of jirotrin uh 
.staii<‘<‘.s arr as follow .i: 

I. THE SIMPLE PROTEINS. 

Protamines. 'Phr protaniint*.s arr thr sii»ph*'nt profriu^ witirh arr 
as yoi <l<*fini(<*ly known to orrur in nalurr, 'I'hr^ urr fouial in :d»rriim* 
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i()!x:oa, and especially in the si)ermate7iOa of fishes in eonihiiiation with 
imeleic* a(*i(l, forniiuf? a simple tM>e of inu'leoprotein. They are pre- 
dominantly basic siihstan<*es, indeed so strongly basic that a solution 
of sabnine (the ])rotamine from salmon spermatozoa) reacts alkaline 
to litmus and absorbs carbon dioxide from the air, forming carbonates 
of th(5 protamine. The a(*id function of these substances is correspond- 
ingly weak, although they arc, like all proteins, amphoteric acids, and 
in the presen(»e of excess of strong bases will partially combine with 
them. 

The i)r<)tainines are soluble in water and form definite salts with 
a<*i(ls whi<*h are <‘oagulatcd by alcohol and thrown out of solution 
without (le(‘oin]>ositit)u, the combined acid being c^arried flown quanti- 
tatively with tlie protein. They yield a pink biuret reaction, resembling 
in this respe(*l the derivatives of the partial hydrolysis of other native 
proteins. They yield, when completely hydrolyzed, a preponderating 
l)ro]M)rtion of diamiiio-acids. 

Histones.— The histones are somewhat more complex and colloidal in 
character than the protamines an<l their basic function is less marked. 
Tliey arc still predominantly basic, however, and occur in cellular 
tissues, combinefl with nucleic acid, and in the chromoprotein, hemo- 
globin, combined with a colored acid radical, Hematin. They are 
soluble in dilute acids or dilute solutions of the strong bases, but are 
precipitated from acid solutions by the addition of ammonia. 

Albumins.— The albumins are markedly colloidal substances which 
are soluble in distilled water and in salt solutions. The basic fnn(*ti()n 
is almost e<iual to the acid function. Uejiresentative examples art' egg- 
albumin and the albumin whieli is found in blood-serum. They are 
coagulated by saturation of their solutions with ainmoniuin sulphate. 

Globulins. -The globulins are very de<*idedly eolloulal substances 
passing, for example, with diffieulty, or not at all, through clay filters. 
They are insoluble in distilled water, but are soluble in dilute st)Iutions 
of strong acids or bases or of inorganic salts. Tlie acid function pre- 
dominates slightly over the basic, so that they neutralize bases more 
rf'adily and completely than acids Typical examples are aH*orded by 
serum-globulin, the globulin which is precipitated from egg-white 
by <hlution with distilled water, and a variety of vegetable proteins, 
such as edestiii, obtained from seeds of hemp {(\imiabts satim) They 
are coagulated by half-saturation of their solutions with aminoiiiuni 
sulphate or complete saturation with magnesium sulphate. 

Glutelins. — The glutelins are a group of vegetable proteins of which 
only two, the Glutenin of wheat and the Oryzenm of nee, have as yet 
been i^repared in sufficient quantity and i^urity to render analysis 
and characterization possible. They are insoluble in water or dilute 
salt solutions, but they are soluble in dilute solutions of strong bases 
or acids. 

Prolamins.— The prolamins are soluble in 70 per cent to 90 per cent 
alcohol. They are insoluble, or nearly so, in distilled water, but dis- 
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solve r<*iwlily in solutions of stronj; aeitl, or Iki . TIh*\ cas ur 

ill ii \nri<‘<,v of t^rains, typi<'n! iihsiiIhs'i <»r the ^»**i**V <nui<Un. 

f<mn<l in lli<‘ sissls of wlnsit ainl r\i*; Hordttin, fomul in tin* .oi*<l . of 
l)«‘irl(\\ , juhI Zem, fonml in the .‘assliud* niai/<*. 'TIion are ♦•haraotori/eil 
l>y llu‘ hi#;h proportion of Prohno whieh th(‘\ \i(‘hl wlnsi h\ <ln il\ /eil. 

Scleroproteins, 'I'he srh‘n»piHd<*ins, t«‘nne<l alhuininoit! ^ in Aineri- 
(*an aial t Continental Kuropisiti puldhsitions. form a \erv lieteroi'eneou . 
^HMip of snl)slan<‘<‘s 'Phe \arious pr4»t(sns \vhi«'h wr lia\e hitherto 
Imssi (*onsi<l<‘rm^ ar<‘ cnflaM* eonstitiunits of <s‘ilular fi .an* . eoin'eria'il 
111 tin* lif(‘ an<l inain1<»nan<*e of llie prot<»plaan. or el.e the\ form 
r<\s<‘rve materials wliii'li are sooiuu* «»r later to he ealleil upon to uppl\ 
the reipiinsiKSits of protopla'.m. (^uitt* other i. the fnneiitm of tin* 
s<‘I<n*oprot<sns, for th<*M* are proteins of a primarily .trnetnral «»r 
a.r<*liitc‘etural rathen* than nutritional si|L»nifi**anee. 7 'Ih\\ are himhne. 
(ssiientiii^ and siipportiiij^ sui>stan<s\^ \\ hieh (*(»nt rihiitt* in it mei liani* al 
ratlu^r than in a <*h<*nii<*al fa:ihi»»ii to the furtla*ranet‘ and mamtfsianee 
of lile. 'riu\\ o<‘<‘Ur <‘;i})«‘eiallv in the \arious etmuectne li -.m- . and 
<*orri*spondin^ with their p<s-uhar fuiaM ion wt* tin<l th.it thes «h pl,i\ 
a. varn*t;k of ph>sh*al eharaeteri »ti<* tii .tin^pii hinr, tlasii tiom the 
proteins of isdlular orii'in, and al *o <li'.titn^ui .hinr, tin* iuthvidn.d 
iinniihers of tin* i;ronp \<*rN shar[»l\ from one .mothei '1'*. pn.il 
menilK*rs of this (das. are Gelatin and it . paient .uh.t.inii*, ColhMp*xi, 
whi(di forms tin* chief eon .titueiit of ulnte iihinii . (onmilr c ti tie, 
and also t h<* mam or^anie eon .tit u<*iit of hoin* . t )n I iodine , i pet i.ilh 
in tin* i)n*ii‘!iee of diliiti* acid. ColiaKen \ leld . the (le.i'.ie.i pOMhn t 
Gelatin < 'ollaj^(*n it .<*lf is msoluhh* in uat(*i, .;dt .ohitii»n ;ind dihiti* 
neids or alkalii*,*.. hut y,elatin swell, in (old water and di (»Ke m 
w'ann wat(*r, formiiif; j(*lh(* . on cooling if tin* .olnlion . i\n ulln lenll* 
eon(s*nt ra ti*d. Reticulm, oeeurinuj: in the relKuI.ir tihrou . ti \u . (»f 
glands, diiVers from e(»liat;(*n in .e\eral re . peel notahh. m loni.iuim!*, 
pliosidiorus. 

Keratin is anoth(*i .el<*roprot<*in and forms tin* (dii(*f ion titueiit 
of tin* horn\ epidernnd .tnietun*.. hair, woid, nail., lioi»t . horn , 
f(*ath(*rs, lortoise-slu*ll. (*le \ form «»r Iv(*r.itm, NaurokeiaUn, .tl o 
occurs ill M(*r\ou.‘; (issin*... Keratin is in .oluhh* m wat(*r, dilute .h id .01 
alkalies and salt solution.; it i> soluhh* with diirn ult\ in tnme.l.' 
jilkalnu* solutions. It is als*» eharaet«*ri*/(*d h\ tin* hiid* pcreeut.'iee of 
sulphur which it eontams and which u- attrihut.ahle to the ;mimo a( id 
radi(*al Cystine. 

Elastin forma tin* chief eoiistitiKMit of tin* elastic fih(*r . of eonue* tne 
tissue. It is <list,in|j:iiished h\ its <dastieit\ and tensile ,lr<*tiy,tli and 
also hy its <*\tr<»m<‘ iiisoluhility, heinj; soluble onl\ in dntmj « an .tie 
alkalit*s or eoneentrat(*d miin*ral acids. Fibroin, tin* .uhstunee forming; 
tin* core of silk tilH*rs, is <diaraet<Tr/,c<l hy po.ssiidy even ^reatf*r ten .ile 
stiviigth, while* it is sonn*what more reinlily dissoh<*d h> <*om*entrated 
aedils and ulknlie^s tiian elastin. Sericin, or silk ^jedatin, fonns the outer 
<*outinf!; of tin* .silk filK*r, and is sticky when freshly MSTcted, so that It 
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ciia])los iiiUTfciceting and adjacent fibers to adhere. It is soluble in hot 
water, and the solution resembles a solution of ordinary gelatin in 
that, if <*onc*eiitratcd, it gelatinizes on cooling. Finally, Spongin forms 
the chief part of the ordinary sponge from which the originally living 
proto}>lasm has been extracted. It is insoluble in acids but soluble in 
coiu^entratcd alkalies. Some of the spongins contain iodine as an 
integral part of the molecule. 

The scleroproteiiis are for the most part incomplete proteins in the 
sense tliat they do not yield, when completely hydrolyzed, all of the 
ami no-acids that we are accustomed to obtain from the more typical 
jjrotcins of cellular tissues. Thus gelatin yields neither tyrosine nor 
tryptopliano, elastin and fibroin yield neither aspartic nor glutamic 
acids, and spongin yields iieitlier tyrosine nor phenylalanine. 

Tfic extraordinary variety of physical properties and peculiarities 
displayed by the various scleroproteins reveals the possibility of sub- 
stances of very unique physical characteristics being derived from 
])rotcins, and would point to the ultimate possibility of very important 
industrial applications of such derivatives. At the present time, horny 
derivatives of the protein of milk, casein, are extensively used in the 
manufacture of substitutes for ivory, celluloid and bone. The animal 
proteins, being among the most expensive foodstuffs we require, can 
never be employed very extensively in the industries, excepting when 
they form by-products of the foodstuffs industry, as in the manufacture 
of glue from slaughter-houses or fish-wastes, and of casein products 
from skiinined milk. Certain vegetable proteins might, however, be 
rendered relatively cheap and abundant and offer an interesting field 
for the investigation of the special physical characteristics of their 
<lcrivati\ cs. 


n, THE CONJUGATED PROTEINS. 

Nucleoproteins.— The conjugated proteins are complex substances 
formed by the union of a ])rotcin \\ith a non-protein radical, which 
may be t<‘rmc(l the Prosthetic Group. The Nucleoproteins, for example, 
are (‘()in])oiinds of Nucleic Acids, which are substituted phosphoric 
acids containing carbohydrate and nitrogenous radicals, vith a protein 
wIiK*h jilays the part of a base m the compound. These compouiuh 
ari' the most characteristic constituents of the nuclei of cells. When 
the jirotein constituent is a histone, the compound is termed a Nucleo- 
histone. 

The nucleoj^roteins are insoluble in distilled water but soluble in 
dilute alkalies, from which solutions they are precipitated by weak 
acids, such as acetic acid or carbon dioxide. They are, as a rule, incom- 
pletely digestible by the pepsin of gastric juice, leaving an indigestible 
residue which still contains protein and is termed Nuclein. All of the 
nucleoproteins appear to be very closely associated or possibly com- 
bined with Iron. 
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Glucoproloiiis. Ill IIh‘ » tin* li4*f ir ^r*»Uf> i* 

inu<*4)iliii'"Siil{>hnri<' arid (inutiir> iiinl, prnhal>l\, flu* inuriiiil^t ur 
(*hoii(lroif iit-Miiplinrtr iu'id fin flu* ^’lioiulropriUriii » .«»*• p lfl| •. 'I'lu* 
inu* Mucins r\tnM»niinaril> mlutiiHUi. or riuirila^iia mi . (ihitiiMii 

rpoiii uhi<*h flu* rniirin is profipifatril hjs at’rtir ai'id, (lu*\ <iiM iir in 
imicons s<‘t r<*ti<*!is, as, for r\amplr, flu* ^rundiuii . fiMiii flu* *'kin ^laiid . 
nl* snails or shuj:*. 'I'lu‘ Mucoids arc luit pruripitalil** hv a4’<*tii‘ at-iil 
and do nof. as a riilu, .\ i<*l<l 'MU*1 i ,<dntions a . flu* nmrin 

'riu*y an* loniKl in <M»nn(*(’ti\o tissuru. in flu* \ifn*<Mi'. humor of flu* 
c\\o and in fhr \\hit(* of <o\ <»imiroid ». 'rin* Chondroprottmis an* 
insoluhh* in watrr, lull an* ^oluhh* in ililntu alUalifs, from whioh 
solnfions flu* [irotrin is prccipitat^sl In iu*uf rali/af it>n witli stnui^^: 
ai'ids or In an **\<‘(*s.s <»r a<*otii* aohl. ^Tlu* <'hondr(*prott*in . oc*t*ur 
<*s|><*(*ially in (‘arfilaj'inou*^ tis«^ut*s and in tlu* intfr .titial .nl» tamo of 
(*onn<*rti\*(* tissuo. ( 'hoialroprofoins an* al*.4i foniul in flu* an luun- 
lat ions of <*olI<»i<ial inairnal uliioh fliaracUori/a* tin* *‘ain\loid driu*nc*r 
atioiT’ of <*rrtain oi^ans uiulor pathologii a! nnniifion. 

Phosphoproteins. 'Pin* pho«.pln»prol**inH an* pri»tt*in . \\!in*li \ n*l*i 
phosf)liorn* aonl \\lu*n h\dn»lN/.<*d. 'I'lu* ino-*f f v pn al <*sainplr of fhi » 
^ronp is Caseiiiy (In* <’inrf prototn MMintiturnt of milk, l»nf [i}n» .pho 
I>rot<*ins also o<*cnr in a \ari<*fN of n 4‘j»rtal»lc fi in*, ami in tin* Vf»lk 
of rujL» (o\ o\ it4*Iliii ) 'rh<*\ an* pr<*<h»niin4int l\ ^nad in tharatfri, a. 
ini^ht 1m* (*\prct<*d, not onl\ from l!n*ir <*onl«’nt ofpho phorn «u nl Itiif 
also from tin* fait that lln*\ \i<*l<l a lni(li proportion of iln ailio\\ In* 
ammo-acids <mi li\dn»lNsi-, 

Chromoproteins. 'Pin* <*hromoj»rotc*in . an* compouml protein, m 
which tin* )>ro‘»t het i<* ^naip colored 'Pin* mo M tNpical t*\.iniplc of 
tln*i«:roui) arc Hemoglobin, the red eolonm:: matte*! ami owi^cn (airier 
of blood, in which tin* proMhcfic tjroup i a complex iron (ontamma 
organic acid H<5matm, and Hemocyamn, a blin* pn’incnt i iMitainmi*: 
<*opp(*r which plaN *1 a role corn* ^poininii; to that of liciiiuidohm in tin* 
A rttt'lm ultr and 'I'he <*liromopiot<*m . ln*m(»ah*lMn and 

ln*mocNaiun, an* c\(*<‘plional anmiiii protein m fin* rclati\c <a «* with 
which lln*\ arc ohtamahh* in cr>stallmc (’<»inliti(Mi 'Pin* prot(*m 
radi<*al in hcmojj:lohm is a pn*donunaiitl\ iianic* protein, ktnewn a. 
Globui and n*lafed to tin* histones. 

Lecitho proteins. 'Pin* le(*ithopro((*ins an* ctMitpound prot(*in * in 
w hi<*h tin* prostln*ti<* gronj) is a ]>hospln)lipni. 'Pin* exi .t<*n( c* of these 
I'ompoiinds in tissues was rornn*rl\ <*onsiden*d une(*rtain. for altliouj^d* 
<*ertam pro1<‘ins associated with pliospholipin ^ ha\e hei*ii pn*pared 
from ,\olk of <*g^ ainl from \<*^<‘tnhle tissues, this fiu*t did not in it ^t*lf 
suflica* to d(*nion.st rate* elu*!ni<'al eoiiihination hetwee*!! the prot(*tn and 
tin* phospholipin, whieli mi^hf !ui\e I»een merel;v ph,Nsieall> adherent 
to it, Kvid<*n<*e of an <*le<’tro(dM*mi<*al eha rin t<*r has derm Mist rated. 
hovv<*v(*r. that <*ompoun<l.s hetw<*en le<*itliin and protidns are formed 
wh<*n (In* two .snl)staii<*<‘s are mixed in a<pn‘ous solution, M«»reo\er, 
Woolndji;<‘ uiul, more recently. Mills have shown that eompimnds of 
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protein witli Cepbalin arc widely clivstril)utc(l in animal tissues, par- 
ticularly in the luiif^, and that these compounds, in extraordinarily 
high dilutions, are capable of accelerating the coagulation of blood. 
It will be recollected (see p. 129) that cephalin itself is a coagulative 
agent, but according to Mills the (*oagulativc activity of cephalin is 
chiefly, if not entirely, due to the formation of a compound with 
protein. If this compound be deprived of its protein moiety by 
digestion with trypsin, it becomes inactive. If, on the contrary, 
it is freed from phospholipin by digestion with lipase or by very pro- 
longed extraction with fat-solvents, it not only loses its coagulative 
power, but becomes an inhibiting or anti-coagulative agent, pre- 
sumably because it is now capable of combining with and fixing a 
considerable quantity of cephalin before it acquires coagulative power, 
and thus deprives other proteins in the mixture of the opportunity 
of acquiring it. The active blood-coagulant in lung extract con- 
tains 41 .(5 per cent of phospholipin and 58.4 per cent of protein. 
Assuming the molecular weight of cephalin to be 800 and that of the 
protein to be in the neighborhood of 10,000, this proportion would 
imply that the active agent is a compound' of 1 molecule of protein 
with 20 molecules of phospholipin. Moreover, the activity of the 
extract may be still further enhanced by further additions of phos- 
pholipin. These molecular proportions are, of course, largely con- 
jectural, but in view of the above facts it must be regarded as fairly 
certain that lecithoproteins do actually occur in tissues and that an 
important physiological r6le is assigned to them. 


m. THE PRODUCTS OF PROTEIN HYDROLYSIS. 

Infraproteins. — The iiifraproteius are substances pnxluced in the 
initial stages of protein hydrolysis which still retain the eharactenstic 
])r()j)erties of the proteins Examples arc the Acid- an<l Alkali-albumin- 
ates, formed from albumins by gentle heating in aci<l or alkaline solu- 
tions, and which differ from albumins in being insoluble in neutral 
distilled water Other examples are Paracasein, formed b\ the action 
of rennet or weak pepsin upon casein, and the Paranucleins, which arc 
formed by the partial digestion of a variety of ]>hospho])roteins. 

Proteoses.— The proteoses are hydrolytic cleavage i>roducts of the 
proteins which have lost the characteristic protein property of being 
coagulable by heat, but they retain the coagulability" by ammonium 
sulphate. They are usually subdivided into Primary Proteoses, which 
arc c‘oagulablc by half-saturation of their solutions with ammonium 
sulphate, and Secondary or Deuteroproteoses, which are coagulated by 
complete saturation of their solutions with ammonium sulphate. The 
majority of the proteoses are coagulable by alcohol, but certain of 
them are soluble in alcohol. They yield a reddish violet or pink 
biuret reaction, 
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A (•onsi«It‘ral)h* iminlMTof Uu* art* tn\ir \Nlif*n inj4M*tr«I inio 

lli<* wliilr iho ui\\i \ protrius w itli a fi'U iiiiirkr*! <*\<M*pf i<*us, 

such as i\w Ricin in ('ast<>r-t»il ht'aii.i i Uirinf/s ruminutii.ss^ an* rtmi- 
On lilt* Iiaiitl, tlu* nati\<* prott*!*!* an* Antiicmiic, that K 

<ht\\ ^ivt* rise*, nii r(*p<*att‘<l iiij<*<*linn intn lli<* rinailatit*!! aniinal*s 
to siil»slan<*(*.s whioli fircnlatt* in tin* MoimI ;.<*ruin aial l»a\<* tin* pm- 
p<*rty of pn*cipilalin^j: tin* partit*iilar pmt(*in :i#.':ain.t uliirli tin* aniiiiai 
lias I)<*<‘n iniiiiiiMi/.t*(l. 'I'lit* [>mt<*os<‘s, tni tla* ftnitrarv, an*, a . a rnl<», 
non-aiitijj:<*ni<*. 

Peptones. Tin* p<*ptoin*s an* still siiiipl<*r pmdin't . of tin* h\ilrul\ tii* 
(*l(*ava,j><* of prot<*ins. 'I'li<*y an* sli.u:litly tlitfu liltlo, aial tlM*\ an* ii»cM» 
aji]CuIa.l)h*(*i(li(*rl)y lH*at <»r hy amiiioninin snlpliato. 'PIh'X an*, 
pn*(*ipitul)l(* l>y taiiiiit* a<*itl. pliospliotiiii)ij:*»ti< a<’nl <»r lt*a«l aootalt*. 
''l'lu\v an* usually foa^ulalilt* l>y al<*<»ln»l, altlit»U‘»li rorfain prpfoiM*,, 
t*sp<*(*ially vnIu*!! <'otiil>iri<*<l with aoitl, an* not (’(laanlalih* liv al(*(»la»l. 
''riu*y yit'ltl a <*l(*ar pink hiun*t n*a<*tion and an* non'anti;’,<‘ni<*» and, a. 
a rult*, non-tovi<*. 


IV. THE COAGULATED PEOTEINS. 

'^ritt* <'on<;ulat<*(i pro! t*in t nia\ la* ailxliv idoil into t cm la .1 
t host* ill w Inch I In* coai^iilal ion proc<* . . lia • n;on<* .0 far a< to Im* tinm 
sthl(\ so that tin* ('oaLCnlum (Miinot l»<* hoMiidit t>acL into olution .ii\ain 
witlioiit |)n*liniinar\ d<*t*o!up<» -^ition into .iniplcr iili taint* . and tln» r 
in \\ lii<*li tin* coajxiiluni n‘inain'. soluhh* after ri*ino\ .d <»r t In* t oai'.iilat int* 
a^i:(*iit, and in winch tin* coai’iilation pmcc . , ha thcichnt* icni.iinctl 
rrrrt.wihir, 'I'ht* niajorilN of t he h<*at-< oat«nlat(*d pn»f cm heion** to the 
first class, all laniah the incipit*nt *ila;L»,<* . of heat « o.ienl.ition arc oinc 
t inics n*\ ersihh*. < )n tin* other hainl t he co;n»,ula |»rtnhnf*tl 1»^ ,d< oliol 
or l)\ aninionnirn *.iilphat<* hchmj; t<» the -.t'ctnid cl,i alt houidi in .nnn* 
iristanct'S afl<*r iiioic or lc prolonaetl conlat t w itli ah «)hol iln* co.iioila 
jirodiieed l>y alcohol lM*conn* irre\cr ahh* 

'I'In* pol^\ pept i<h*s, or chain, of ainiiio ,n al . out of wlmli piolciii 
an* Imilt uj», f<»rin anhy<lri<l<**t with exceptimial t‘a..t*, either 1»\ intt»rnal 
neiitrali'/ialion of carhoxO- and aniiiio-j^roup:., or h\ the coinlcie.,itit»n 
of s(*\t*ral niol(*enh»s, anti this t<‘iitlt»nc\' increase., with inere.i am* 
l(*n#j:th of tin* aniino-acitl cliaiu. We can hardl\ aipptjse, then*f(»re. 
that this pr()p<*rty has lK*<*n h»st in tin* much nion* hiilkv ainino-aeitl 
<*om])h*\<*s wliich eoiistitiitt* tin* prott‘ins On fin* t»t!n*r iiaml, fin* 
aKt*ncii*s which hrin^ ahont coaKnlation are all of such a <*haracter 
(h(*nt, aleolnil ainl eom*t*iitrat<*tl salts! as to laij^j^e .f that fin* with- 
ilra-wal of \vat<*r from the prottdn is tln*cin*niit*al ha d » <»f the <*<ia).:uhttion 
proeess. It app<*ars \ery prohaihle, thert*fon*i that etia}j;nlnf h»n ihn* 
to the format ion of proli*in anhydridi*s, ainl that the irrt*\ersihle i'oa^juhi 
are those in whieli the anhydride forinatioit has proee<*ded furthest. 
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THE END-PRODUCTS OF PROTEIN HYDROLYSIS: 

THE AMINO-ACmS. 

Decomposition of proteins into simple crystallizable substances 
may very readily bo l)rought about by a variety of agencies, but tlie 
only methods of <lee()mi)osition which yield easily interpretable results 
are those which bring about Hydrolysis, or decomposition of the mole- 
cule by successive splittings with the addition of the elements of 
water. Hydrolysis of the ]>rotcins (autohydrolysis) will take place 
si)ontaneously in neutral i)rotein solutions or even if precipitated 
proteins be left in long-continued contact with neutral and sterile 
water. The ])rocess is, liowcver, greatly accelerated by the application 
of heat, especially by temperatures considerably exceeding the tem- 
perature of boiling water, or by catalyzers, of which the most efficient 
are acids, alkalies and the protein-digesting (proteolytic) enzymes. 
Whatever the means of h,^"^lrolysis employed, however, the end-result, 
l>rovided the hydrolysis has been complete, is the same, namely, the 
production of a mixture of amino-acids. 

Incomplete hydrolysis, however, results in the production of a 
number of intermediate substances, variously designated, in the order 
of decreasing complexity, Proteoses (Albumoses), Peptones, Polypep- 
tides and Dipeptides. The hydrolysis of the proteins, therefore, occurs 
in stages, just as, in the hydrolysis of starch, intermediarx^ stages (the 
dextrins and maltose) are passed through before the attainment of the 
last stage of li.xdrolysis and the quantitative conversion of the star(*li 
into glucose. 

It IS not certain, liowever, whether the \ arious intermediate prod- 
ucts of protein h\drol\sis represent successive stages of hyclrolx sis 
or whether in some instances eomparatix el.\ simple products max not 
be s])lit olV from the j)rotciiis or proteoses, leaving com])le\ residues, 
so tliat complex and simple interme<liate sul)stances are produced 
simultaneonslx Frohahly both tx pcs of deaxage occur at dilfereiit 
points in the prott^in moleciih' Tliose linkages xxhieh are most ac<*es- 
sible to the action of the particular catal,xzcr emploxed xxdll l)e dis- 
rupted first, and if some of them ehanee to lie near the extremities of 
the molecule, simple products and a complex residue xvill result, xxhile 
disruption of more internal linkages will break tlie moleeiile into parts 
of more ecpial weight and complexity. 

It xvas earl.x' recognized that ainino-acids fonn the chief part of the 
decomposition products xvhich result from the hydrolysis of protein. 
The sej^aration of the indixudiial amino-aeids from one another, and 
their quantitative estimation, was a much more difficult matter. The 
first attempts to ivsolate individual amino-acids from the mixture which 
the complete hydrolysis of a protein yields, depended upon the frac- 
tional crystallization, either of the free amino-acids or of their salts. 
Except in the case of the very slightly soluble amino-acids, such as 
tyrosine, these methods were not even approximately quantitative, 
10 



riiic ri{<rn*:f,\s t\/> rar i Mi\n u 
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and <‘Voii tlio isolation and n!<»ii{iliration of a ui\rn ainitm .n id ronlil 
only ha oll'tM’ttMl with <'i‘rtaiidv whan that a«*id w.i . pn* r'lit in n‘!.ifi\ol\ 
lar^a ainoinils 'Flia attainiianit of our astni i\o hiaiuliMlao 

«>r tlir natnn* and <|uantifi<‘s of t la* atnna» aaid . whirh r«* idt fnnn 
proloin hydrol.N sis, is an a<*liio\oinont <»f tho pa f lwont\ \oar*, and \\r 
owo il ill tlH‘ first pla<’o tt> tin* in\ <‘sti«aia»n'* of No. <*1 ami of ICinil 
h'isohor and Ihoir pupils. 

'riio \ anoiis ainino-aoals \\ lii<*h aro \ iolilod li\ t la* pnnoin ^ an* liinitod 
in niimlan* and prohahl.v <h> not o\o<*od nim‘toon or fwoiflv. 'I’la* .r, 
how'(*\<‘r, fall into so\oral distinot olas ^o .. nainf*l\ : 

Monc»ainino-inoiaM*arlM>\\ li<* aiatls. gonoral formula. 

II N u i ‘onn 

Moia»ainiiio-<li<'arho\^\ la* a<*ids, j^;<*noral formula* 

M >11 


II N u 


< uf >H 

1 )iainino-niono<’arho\\ ho aotd «, ronor.d foiinul.i 

II \ 


II t ’< H >11 


n \ 

A <haniino-<lH'arho\\ li<' a<*id u\-.tino> 

1 1\ dro\\ ammo a<nls ttwoMia*. '.«*rmo, h\ dro\;. olnt.iiim .o ol and 

dro\\ jn’olino) 

I I<*t<'ro<‘\ olio <’om|>oun<ls, /. o. ammo a<'id . <ontammr a rm;- o| 
atoms, OIK* or nion* nilrof^on atoms hom^; niolndod m fh* imr 

'I'lu* first uo<*<‘s.sarN .stop m tlio anah si . of tin* ammo a« id . piodun d 
h.s tho h.\ <lroh\.sis of piot<*iii <-onsists m tho sr[»aratit»n ol thodiammo 
ai-idsfroin tin* luonoanuno-aoid.**. 'l'hisina\ ht* aoi ompli hot! h\ iinsm . 
of phospliotung.stio aoid, whitdi prooipitatos tin* tliammo at id . uhilo 
tin* monoanuiKi-aoid.s aro loft in .st>lutn»u. 'I'lio diamino aoitl , Arginma 
and Histidine may ho soparatod in tin* form of thoir sihor .all .. whih* 
tin* n*maiiidi*r of tho ]>n»oijntato pnaluotMl h\ pho .pht>tum«:' ti«' Jn’itl 
<‘onsists of tin* <liamino-a<*i<l Lysine. 

Tho nK)Uoamino-a(*i<ls ma\ bo <*stimatod h\ o\aporattn>? tin* whoh* 
mi\tun* to ilrynoss in rarnu ainl thou di.ssoU inij: tin* mi\(uro of aoids 
in aloohol and passinf{ into tin* nolntimi dr\ h\ dro<*hlorio aoitl ^as, 
\vlu<*h t*ataly/(*s tin* formation of niooho! <*stors t»f tho amino aoid.^. 
Theso ostors aro volalilo and may ho S(*parato<l into fraotious, oaoh 
eontttiiung only a Kinall number of ttcids, by moans <»f fraotioual dis- 
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tillation in vacvo. The esters in each fraction are then reconverted 
into free acids and alcohol by hydrolysis, and the individual acids 
separated and estimated by special methods adapted to the peculiar 
properties of each of the acids present in the particular fraction con- 
cerned. The difficultly soluble acids Tyrosine, Cystine and Diaxnino- 
tnoxydodecaiDic Acid are separated from the digest before esterification. 

This method, due to Emil Fischer, is laborious and inaccurate, but it 
greatly surpasses the methods which were formerly in use, and which 
did not even permit a partial separation of the various monoamino- 
acids ill a protein digest. The method permits the accurate quan- 
titative determination of only five acids, namely, the diamino-acids 
histidine, arginine and lysine, and the monoamino-acids tyrosine and 
c;^ stinc. The estimates of the other acids are only approximate, and 
must be regarded as minimum values, since it has been found that in a 
known mixture of amino-acids it is only possible to account for about 
two-thirds of the nitrogen, by Fischer’s method. 

A considerable simplification in the procedure necessary to separate 
the amino-acids which result from protein hydrolysis has been accom- 
plished by II. 1). Dakin, who extracts the monoamino-acids from the 
mixed products of hydrolysis by means of a partially miscible solvent, 
Butyl Alcohol. The monoaminomoiiocarboxylic a<*ids are quantitatively 
removed in this fashion, together with Proline, while the residue, after 
extraction, contains the dibasic and diamino-acids The diamino-acids 
can th(*n lie separated from the dicarboxylic acids b> precipitation with 
pliosphotimgstic acid. 

For man,> purjioscs, in which a knowledge of tlie total i)r(>p()rtiou 
of nitrogcMi ])reseiit in the fonn of the several diamino-acids suffices, 
may cm])loy the method of Van Slyke which is described below 
(p. 151)). But if we desire to Uvseertain, even approximately, the 
(jiiaiitity of the iiidivhUial monoammomonocarboxx he or dicarboxylic 
acids contained in a. jirotcin digest, then a laborious process of iso- 
alioii of th<‘ acids by the methods of Fischer or Dakin is unavoid- 
able '^I’hc results arc never quantitatixe, but DakiiTs method per- 
mits rccoMM-y ami identification of DO per cent of the nitrogen in 
gelatin 

It has been shown by Foster aiul Schmidt that on ]>assing an electric 
current through a solution of the products of jiroteiii h,x d roly sis, xvhich 
is i)lacc<l in the center of a cell divided into tliree compartments by 
])ermeable membranes, the amino-acids are separated into three 
fractions consisting of (a) the amino-acids wdiich are predominantly 
acid, including aspartic and glutamic acid, which migrate to the anode; 
(Jj) (iiamino-acids, which are found in the cathodal compartment, and 
(c) the remaining ammo-acids which, on account of the fact that 
their acid properties are almost balanced by their basic properties, 
remain in the center compartment. The separation of the diamino- 
acids is quantitative and may be utilized for their preparation in large 
amounts. 
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By Ui(‘s<‘ \jirioiis iiirthinls tin* follnwintt aiuiiio a«^iil « haxt* 1 mm 
isoIntcMl I’rniii tin* of h\<ln»l\ *i i oi xariotii {>n»f(<l!t 

A. M«iiioan»ino~tn<»noi*»rlM»v\ lio aoi*!*,. 

L < Jl,\ ririf, or aiiiino-jMM*tif afiil* 
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2. AIaiiiii(\ <»r a-ninino-|>ropit»iitr arid: 

;}. X’alinc, or <v-amiao-iM)NaIi‘riaiuo acid; 
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<‘n. 

1. LtMi<*in<\ or #¥-anuiio-r.oraj>roir arid* 
i'M. 


c *11 < If < ‘laMi . « t H 111 


< if 

r>. IsohMirifH’t or a-aiui!u»-d“fif<*diN 1 d-rt h\ l|)n>}ni»iii< a< hi 

<n. 


<‘11 ( Il«Ml * < «>nn 


< * n 

i». ('apriras or <*ol<Mi<’iur, or <» ammo norm.il »apit>ti a* nl 
fll <*ll ril <*H CII.MI c (hiH 
7. P]t(*n> lalaiiiiu', or /i-piH*n\ I-o-anuiio-propionir at id 

a'onu 

S. T\ ro.sim‘. or d-parah,\dro\\ ph<*n\l-o-amiii(Hpropniiiir arid 

SiTino, or ddiydroxy-rt-ainino-propionu’ arid. 

10. <'y«tine, or diryatrinr or dl- (d-thitw^-umino-propionir a<u<h 
lU )<)( \< UI.(NU3),<*a3S S< ‘lla.l 'Ih Slhi.i X H Hi 
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B- Monoamino-dicarboxylic acids. 

11. Aspartic acid, or amino-succinic acid: 

HOOC CH 2 CH(NH 2 ) cooh 

12. Glutamic acid, or oi-aminoglutaric acid: 

HOOC.CH2CHaCH(NH2) COOH 

lo. jS-Hydroxy-glutamic acid: 

HOOC ca CH<OH) CHCNHa) COOH 

C, Diamino-monocarboxylic acids. 

14. Arginine, or oj-amino-^-guanidine-valerianic acid: 

NHi 

/ 

NH = C 

\ 

NH CH2CH2CH2 CHCNHa) COOH 

15. Lysine, or oj-oj-diaminoeaproic acid* 

HaN ca ca caca rH(Na) cooh 


1). Heterocyclic amino-acids. 

1(). Histidine, or jS-iminazolyl-a-amino-propionic acid' 


CH 

/ \ 

N NH 


(^ii - - —-V cacwNin) COOH 


17 l^roline, or ])yrr()lidine carboxylic acid. 


CHj 

1 

— c’n. 

1 

<•112 

c’H(X)on 

\ 

/ 


IS ()\> prolmc, or hydroxy-a£-pyrrolidinc-carbo\> lie acid: 
Kit her* 


IIOC'II— 

ca 

c’a 

(^HCXX)H 

\ 

/ 

\ 

nh/ 

CHr- 

CHOH 

ca 

1 

CH COOH 
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1<.>. "rry|>h»pliaiM*, or aiiiinopn>|»ionio ari<l 

i r\i t n Ml ri»i*n 

r.ii. i'll 


\ii 

'rii<‘ v<‘r\ t;Traf \ari<‘t\ < 1 !* prt»ti‘in » an«i pmloiii . wha-h 

c‘\i.st in natnr<‘ art* Ihrrt'ftin* aoiisl tmt of a rrlaliM-l;. >!nail anti 
nniniMM* of ainiiiti-aoitl Iniiltlintc* .tiaa* tlilVoriiu*, prt»porti«m, 
anti arranj^tMnnnls of foinpoanils liaini* ra.jMin.ihlr ft«r tin* \\\tU* 

variety of oharachTisf !<■•» tli tplav at! I>\ Iht* natixraial tl«*n\fil ptornfi .. 

In many iuhlaiUTs a tlrlinito paral!t*han fan l»f tiMft*tl ItffwtMMi tin* 
t'li<*mi(*nl anti ph\.sifal ln'liaxitu* of <hf pr<»tfin. .ual tlair ainintt afiil 
f<»n((*n<. 'Plnis, Uu* Albununa, ulufh att* soluhlf in At uatt*r anti 

ar<*n(>t foa/;uIat(Ml h\ half- .aiuration of t!a*ir oliition \\ ith ainnwtninin 
sul))hat(*, fontain no ^I\f5nt\ w lull* the* GiohuUnH. whifh w lit* n ninoni- 
!>iiu*«l wilh atatls tn* ha .<*•»* an* ni .(»lnh|<* in ili-tillftl wattr ainl ait* 
ft)a^nla<<*tl h\ half- ^alnralitm of fhfir d»lutjt»n . vMtli aininoiiiuin 
snlpha((*« tlo fontani tin. anuittf at*i<l 'Plit* allt*;'t(i tran ftania(it»n 
t>f M'ruiii alhnniin intti aitthniin h\ wanniiu* 111 all ahiit t>lniton 
tthst*! \ t*(l h,\ Mttih anti nttt infrf<(U<*ntl\ t|non*(l. 1 . t ht*rftt»i< an nipio . 1 
sint't* it wonltl iiiMiht* tin* *\ntht*a* of annnoatMMit at ni anti 
its union with th<* alhuinin inolffuh* vshifh fouhi nt»t 1m Ini»U'‘hi ahoul 
h\ an\ Mifh siinjtlt* prof(*thirt* 'I'ht* |irt>tlut t at liialh t>htamtil l»v 
iMttll was an infraprotnin, alkali-alhnniinatt*. whitli nnniii ••itthiihii 
in ht^iim insolnhlf in ntaitral wator, hut thtVfi . fiotn t( m Iniitl init ntal 
tvmst it ut ion 

'I'lif alftthttl-iohihlf \fiW‘tahlf jirtttcan • Prolaxiuxn*a » fttntam .1 fiatt- 
(prol>a!)lN attril)Ut4ihlt* tt) as .fM‘iatf<l iinpuntit* f of i'l\t*int\ anti innt* t>l 
thtan fttntaiu nt* !.;l\ mif, tluar ft»nt<*nt of thainint> afitl . t mall, 

w Inh* t h<*ir ftnitont t»f ^jjlutainif ami ami tif prtthnr i -mi* hi:*h 'Thi* 
)>ht>sphoprt>tfin.s. Casein anti Vit€*lhn, an* also rath(*i hir.h in alutaniit 
acitl <*on(<*nt Gelatin is fharaft<*ri/t‘tl h\ it . hiith i':l\fmf ft»nit nt ami 
Keratin 1)\ its hi^^h ft>ntt*nt 4>f oNstiiif. 'I'ln* Hiatones, w hif h *irf pn* 
tloniinanll\ l»asi<' auii.staiu'i's, fontain about WO per f<*nt «»f <lianun<» 
afitls, whilt* tin* Protamines, whifli an* still nion* pr^thnninantlv ha ar, 
('tnitain t>nly small aintaints of nionoaminti aftti .» Salnune tnitu 
salmon sperm) fontaininfi over SO p(*r et'iit of arginim*, wlnh* iStunne 
(from stur^cM)!! spt*rm) fontains 1)7 pc‘r oeiit of it ^ nitrouf*n a . ari'inim*. 
10 pc*r ctMil in the form of histhline, anti from t» to V per font in the 
form of lysine. 

'Plu* aniiiui-aeitls are white, cTy.stalline, readily tlOTtisilih* aih^tancu*^ 
ami lh<* crystal form is i*haraetcTistie ft>r each amimeaf*i<h 'Tin* 
(Tystal forms of ii;\yrUu\ hanane and histhlim* are slmw n in the aet'oiu- 
panyitiK fijuinres (II to 5). 
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Thr an* ii iiallv n‘:i4lil\ ulnMr in u.it<r, *; tim* ah<| 

< \ n>MiM* a lion liiijL' ion tt» <lii nil** 1 la * ar« ', uith fla 

lions ill* pn»liiir aial o\\ proliia*, iii in .iial < l lin 'Tla \ 

liav(‘ ilia’ll iia*l<iiii;-ponit ' ami niolr with iii*r«»iii|io irion. plifflin» ulV 
carlion <lio\i(lr \\illi tlir 4*\i fpiioii ot’ tla jitiino a< i*! an* 

opticall\ at-livi*, mhim* of fla‘ni Ix'iuu «U*vf rontM ioi \ ami oflicr, 
l(*\'on»la l4>r\ 

''riif aiiiiiio-aaiils, lla*> contain trisalf*nt nitromn .imi a car 

l)o\,\ Jit’i* Minnltanctai ^l\ lia a* ami ariii , in of in r ti rinmol* tit'x 

arc Amphotiiric AckIh. rtvrin «*!•> tallim* all - witli nn iallic lia r * 

ami ^^ili) mineral aciti*^ 

On ln*almcnt wilh nilroti^ tli<* ainim* acnl h* r llaar ainino 

^•ronp, which is n*[ilacctl 1>\ a li\ tiro\> hisroup a , to|l*iw 

' \ UNO \ H»* 

cot >11 1*1 toll 

ll will l><‘ ohst'i’MHl that all of fin* amino acitl olitann*<l m the 
h.\ <lro|\ sis of |)rot<‘ini an* <t-amino-acitl lliat i , ari ammo ‘'niup i. 
atlaclnal to (he carhon atom iiniiictliafcK a»ii*n*i nl fo tin «acl»os\I 
ii;ronp. 'This i^ ()n>l>al>I\ a fact t»f crcai icnihc.mct . im * , a wt* hall 
see, the prolt'iii .are formed l»\ tin* iiim>n of hme t ham «»t ammo at id .. 
ImKtal lot»<dh<‘r h\ mtMn . t»r t heir .miim> amiiaihov d - lonp 'Tin c 
;;ronps heinii elo a*l\ atljaeiMil, I In* n* ailtant chain an* h«»n<i.aml lh<* 
wt‘if 4 :lit tif I hi* otln*r railieal . in tin* niolf*< nle moo i * ml’ <|i tiilmicil 
1 hail w tnihf he tin* <*a a* if t he e.irhoXN I an*! .imim> eo»np w * o t pai a t« d 
!>\ a lon^ chain of carhon hnkai»i* «tml the )>i» ihiht •»! m h hta\\ 
com pounds a . the prolrin . po » .c . am* aiHii icnt lahilit to pt i mil tin n 
formation prohaI>I\ rc .nlc*. m thi.<lc\icc foi hoitfiim; tin * liain i»f 
‘a*rial linkatic*. < 'orre .pomlmu to tin \ n*w we liml that tin ammo 
uronp, which i-. al .<> i>rc .cut m 1\ .im*. i . m»t mutt d in poit* m t(» an;. 
carho\\ l-t*rnii|), hnf remain, fn*!* ami react with nilrtiii ■ a< nl pi 1 a 
I he amino-acal <loc . 


THE SYNTHESIS OF PROTEINS. 

^riie marked pret loin ma net* of amino-aeitl . ann»nt* tin* product . i»f 
pn>lt*in h\(lro|\sis Itmix api h*d Itioloi'ieal cheini *1 . t*i nnni .<• that the 
amim>-aeitl struetun*, or some ti<*ri\ali\«* i>f that .trui'tiin*. nm^t he 
n*pn*sent<*<i in a lii^li ti<*| 4 :n*<* in tin* pri>tt*in moleeiile, ami it wa* in 
follow iiif; np this elm* that Sehut/.enher>»er, in isss. earni*d mit tan* 
of tin* i*arli<»st and most sut'eectfu! attempt » ft» ’i\iitln‘ a/e hotlit*.. t»f a 
pr<)t(*in eliara(*fer. Ilt'K’tiji'ni'/anjL!: that the <let*onipi>dtion of pi*oti*ins 
into anuno-at*id.s is <*ssentiall\ a plteimiiu*non of h\tln»l\ si., he re^unied 
dc»liydration as an 4*ss<mtial fc'atnre of an\ attempt at protein n- 
ila^sis, Avhih* llu’* ahumhinet* of nnuno-aeitls tiinonij; the pnit!nt*ts of 
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protein hydrolysis, and the presence therein, as he thought, of bodies 
related to urea, led him to believe th^t protein synthesis must consist 
in the linkage of amino-acids with molecules of urea and the elimination 
of water. Accordingly amino-acids were mixed with urea and phos- 
phorus pentoxide and heated to 125® C. The product was a pasty 
solid, soluble in water and readily coagulated by alcohol. It w^as 
furthermore precipitated from aqueous solutions by the Uvsual protein 
precipitants and gave the biuret and xanthoproteic reactions. 

This experiment of Schutzenberger’s left us, however, very much 
where we were, so far as real knowledge of the structure of the protein 
molecules is concerned. The knowledge of the fact that a mixture of 
amino-acids and urea yields, under certain treatment, a bod,\' or bodies 
more or less closely resembling the proteins, furnished us with little 
or no information regarding the structure of the protein molecule 
which we did not already possess in the fact that the disintegration 
products of the proteins are predominantly ammo-acids. Prior to 
Schutzenberger, Grimaux, in 1881, had shown that condensation 
products of aminobenzoic acid and aspartic acid resemble the proteins 
in many of their properties, but these experiments also threw no light 
upon the structure of the protein molecule beyond emphasizing tlu^ 
already sufficiently evident probability that the ammo-acid groii,ping 
plays an important part in the building up of the j)rotein inolecmlc 
The clue which led, through a series of remarkable researches, 
to our present comparatively extensive knowledge of the groupings 
within the protein molecule, was obtained in 1<S(S3 l)y (hirtius whc'n 
he disc‘overed that ethyl glycocollate (the ethyl ester of gly(*iiic) in 
watery solution tends to form Glycine Anhydride 
(In the absence of water.) 

iijN (ur.c'ooii. + c^HfiOir = iln c‘ir.(’()(K‘.n. n.o 

Olyi in<> +• lOthyl al( ohol = Kthyl k1y( <i( oil i(i 


(In the presence of water.) 


T-I.N CULCXXK^air, + inNCnitj CHKK'JTb = 
lOthyl -H Klhyl k 1\ roc 

(UL NH 


(> 




\. 




\ 






o + aCiitbOJi 


NH CHs 

Glycine anhydride + Ethyl alcohol 


Obviously, if the closed ring representing the glycine anhydride 
molecule could be opened up without destroying the stability of the 
molecule, a new amino-acid would be formed, one degree more complex 
than the original amino-acid (glycine). This possibility was realized 
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m 

hy Kmil Fisflu*p, who loiiiul Ui:i< if Uir w hit h i, 

thus prrparrtl Im* IniiitMl for u short tiino with « ttitM ntrati ti hulnt 
fliinric n<*i(l, tlu* follow ohaii^o omir.i 

rn. Ml ♦ (I MI !i« 1 


<) r' <* u f nri i no o » 

Nil <‘U- MH 11 1 I (I Ilf 

(!tvi'im< nlilivilliili' 1 . 1 '' , t I I ,|| 

Oil now fn*atiii|f th<‘ rhltiritl<- witli .ilv i r r 

<*hlori<lo is procipitjitol uim! fr(*o Qlycyl i ol»t,iinf<l If, Imw . 

<‘VC‘r, Ihc jEclyciiU‘ anh\<lpiih‘ In* orit![inaU\ tr<*atfMl with tiltHh,>lh m 
of with an jujuc^ous solution of h\ droi-hlorit- in al. tlir ith; It ft r of 
glycyl-^jilyoiiu' is ohtaiiu'tl: 


<Mi.Nii I II n 

/ 

<> (* o I r If on o I 

Nil < MO 4 1)1 m I it w n 

( il> iiilis lit lilr i ) . 


It would appear, th<‘n*foro. as if we had c»nl\ ft* n pt-.n iln i * « !»• 
of opi'rations in<l(‘linit<*ly in onler to .ei ni«* tla* na* t ttnnplt . pnh 
amino-aeids; l>ut this is not so (*as\ ai it niirdit apj»»,ir ,if tu i edii, 
tile instahility of polyainniii-aeitis du<* to tin* Im-h o .a o it <•! tla* 
Nil.. |j;nmp and tlu* eons<s|uen( <htlieult\ of i*t»t.nnni;* noph ,inli , 
(InMes rentltT this prortslnre iinpo,.ihlc Mohmim r. ilo .iidriliitlr 
rin^^ is in nuiny eases ir tj., leiieiiu* aidi\tlri<le ‘ \ei;, diffo iilt iti hrijL 
up when if has onet* Ixsui fornnsl 

In the s<*areh for imMluxls of o\ <*reonunp. the i* nhic . I-’i i Ik i 
loiind tliat the instjduli(.\ of (he amino-arid * eonlti he t limin^itMi h tin- 
int rodu(*t ion ol ratlu'als into the Nlh,. pjroup, «intl ho ,intl I oiiukmu 
synthesi/aal phenyhw ansitt'-Klyeyl-^l.N eint' i ( \} I .A 1 1 < “( ) \ IK I ! < *( ) 

NII(UI«(X)()II) and <*ari)OM*thy l-^Ke\ 1 ^hnne e .tor < II <),<)<’ 
NII.( Ilu.t () N!L( n..,( OtH'vnj,), whieh ar<* hoth fhomit allj. fahle 
bodies. In suhstspunit invest illations Fiseher haind that, h\ eentle 
lu'utin^, <*()inl)iiuit ion Ix'twtsui tin* (‘stc*rs oi the earho\\ t‘th\ 1 .itnino 
fienis and oth(*r ainino-aeitls eouhl ht* tlin*etl,\ hron|Ldit aht*nt, and in 
tliis w'a.y <‘url><)xelliyl-di^i;lyeyl-h*u<*iiie est<*r was fornnsi: 

c^tiiuocx^ Nn.<’na(H),Nn.<’u,,<'o.NiKcu.i04U«»ootH* n , 

TluMliffieulty w^as hen* eneonnt<Te<I, ht>wevei% that the t arhttsethyl- 
group having been on<*e intnxhietsl, <*uiuit>t he ('lindnattsl again. 
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The method which was devised to overcome this difficulty was 
extremely ingenious. The introduction of a radical into the — NHj 
group appeared to be a necessity, forced upon us by the impossibility 
of otherwise securing simple anhydrides of the acids. It occurred to 
Fischer, however, that the radical thus introduced into the — NH 2 
group might itself be made a carrier of amino-acid groups into the 
molecule. This anticipation proved to be correct. The radical which 
was first utilized was the chloracetyl group (G1CH2.CO — ). When 
ehloracetyl chloride is allowed to act upon glycy 1-glycine ester (obtained 
by the methods described above), ^loracetyl-glyeyl-glyi*ine-ester is 
obtained. 

C’lCHiCOa + HsN C'HjCO NH CHjCOOCsHs = 

Chloi^irolvl fltloridc -J- Glycyl-glyeine ester =® 

CICH2 CO NH CH. ro NH CHs COOCaHs + HCl 

Chloracetyl fsIycyl-Rlyt mo Cbter 

By saponification of this ester, free chloracetyl-glycyl-glycine is 
obtained. On now treating this with a concentrate^d aqueous solution 
of aniinonia, the cldorine atom in the chloracetyl group becomes, by 
a usual reaction, replaced by an amino-group, and thus Diglycyl-glycine 
is obtained: 

CMCinC^ONHCJIT. CONHCHiCOOC’.IIo + liNH* « 

C^hlouiootyl gly( yl-glycme osier 

H.N C’ln CX)NH ClIiCONir CHjCOOC’.Ur, + NHifM 

Diglyovl-gly* ino obtoi 

III olluu* ^^o^(ls, the cbloracctyl-groiip, introduced to protect the 
- NI lo-group of tlu' aimiio-acid, is, after it has j)cri*ornK‘d its ])r()tc(*ti\ e 
fiiiK’tioii, itseir transformed into an ainmo-acid-group, through the 
r<‘|)!a<*emeiit of the halogen atom b\ - NIL ()b\iously, other halogeii- 
contaiiiiiig acid groups may be used in ])la(*e of (‘hloraceU 1, and in this 
wa> a great variety of ainino-acid-grouj)s can be introdu(‘ed into the 
NI Ij-gronp Among others the following are ein])l()\ ed 
Chloracetyl clilori<le for the introduction of glycyl. 
a-l}roniopn)])i()nyl chloride for the introduction of alaiiyl 
a-Broinisocapronyl chlori<le for the introduction of leiicyl. 
a-BhenyIbromopri)])ionyl clilorule for the introiluction of ])lienyl- 
ahinyl 

a-5-I Wbromovalcryl clilorule for the introduction of prolyl. 

By this method the chain of amino-acids is lengthened at the amino- 
group end. Tlicoretically it appeared possible to also lengthen the 
chain at the carboxyl-end of the molecule, by acting upon the esters 
of the amino-acids with the acid chlorides of other ammo-acids. Until 
1 904, however, tlie acid chlorides of amino-acids were unknown, and 
all attemi)ts to ])repare them had failed, owing to the same reason 
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\vlii<‘li limits tli(‘ n.s(* of lln' lirst nu‘tlio«l of sn iithosi/inic polx-juiiioo 
a.<*i<ls (l(‘S(*ril)(Ml iiam<‘l\ , tin* rr;u*li\it> oFtlir NH..-;^rotip. It 

will l)(^ r<‘roll(M*l<‘<l that Ki.M‘luT fouial that tlu^ Nll -j-P'nup rouhl hr 
pr<)t<‘<*tr<l h\ (hr ini n)<lu<‘ti<»ii of radicals, an<l, utilizing tlii* fart, in 
l!H)l hr siir<*t*r<lr<I in <l<‘\ihin^«: a in<‘tho<l of prt'pariujj; tln‘a<*icl rhloritlrs 
of th(' amino-a<‘i<ls. Thr a(*i<i (‘hlorhlrs thus prt'paml rt*art with tht* 
rst(‘rs of oth(‘r amino- or polyainitio-jirids to form pol\ amino-arhl 
chains of fj:n*at<*r Irngth. Thus: 

\ rNii ii. 

(ilsnia* i »fi i 

’(MX MI. \ (’ll t \ II c ’ll < ’( » M Ml . 

( !l V<Mia* hv<inM*hIi)i till* Hi€iiiii*«»i*iv|»i«*it\ I 1 i^lv« iia* i iti*i 

Subsixpumt saponi(i(*ation of tlir hromistx'api-on\ l-jirlyr\ l-frl.s rim* 
(\st<'r ami tn^atnumt with ammonia yi<*I<l tin* pol\ amino arid or 
t ripi'i )t i<h‘, Leucyl-glycy 1-glycine : 

Ciiu^’iuNnx'o \n <’H*(’(>\n ('ii.ci m)ii 

If th(' hr(>nusorapronyl-ii 5 ly<\\ 1 rhlorith* la* inadt* to art upon )L!:l>r\l- 
f^lyriiHM'strr, ami thi'pnxlurt trrattxl with ammonia, tlx* trt raj)r[)tnlr 
Leucyl-diglycyl-glycme r<*sult s . 

<Mni<*ii(Nno<‘() NiK'ii.i’o \uicn.( ’<> nik'h <•< xui 

By thrs(» im^tluxls, ami imxlifirations of th(*s«* nH*thoels, l''isrh(‘r and 
otlxM's hav(* surrrrdcxl in huilding up long rhains of amiim-arid-gnuips, 
th<\S(* rhains bring roll(*rtiv<*ly (<*rmr(I h\ Kisrh(*r. Peptides < 'ham ► 
consisting of two links, t, /*., <*(»mhinations of two amino-a< ids, an* 
(l('sigiiat<‘d Dipeptides (surh, for <*\ampl(*, an* gl\r\ I-gl\rm(*. aian\I- 
ahmiiu* ami h‘urN I-l<»urim*), ( 'hains consisting of thr<»<* link** art* trrm<*<I 
Tripeptides, sm*h l><*ing, for <*\ainph*, diglyr> l-glyrim* ami h*u< \ l-gl\ r\ I- 
glyriiu*. (’hains consisting of four links art* tt*nm*ti Tetrapeptides, 
ami so on, tin* high(*r m(*mlx*r of (ht* srrit's h<*ing rolh*rt!\ <*1\ t<*rm<*d 
Polypeptides. 

The surpassing interest of these investigations li<*.s in tin* fart that 
many of tin* j)oIyp(*pli<l(*s are (•on.si<h*n»d to lx*, in all pro!»ahilit;» , 
identical with e(*rtain of tin* natural p<*ptom*.s <l(*riv(*<l from prott*ms h\ 
])artial hydrolysis, wdiile others probably merit inclusion among tin* 
Iiroteins tlu*n)s<*lv(\s. Thus lliet Octadecapeptide, l-l<*m‘yl-triglye> 1- 
l-leueyl-lriglyc‘yl-l-l<*U(‘yl-oetagly<*yl-gly<*in<*, and the Tetradecapeptide, 
l-lo.iieyl-triglyc*yl4-leueyl-o<*tagly<*yl-glyeine st> elt>st*Iy rt*st*mblt*, in 
general properties, the ordinary proteins, that they would umloubt<*dly 
have been (dassed among the proteins liad th<\v b<*en first imd with in 
nature. Thus, they give the biuret rea<*tiont ami form opalesrc‘nt 
watery solutions, and the ti^tradecapeptwle is<*oaguIate<l hy ammonium 
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sulphate and precipitated by tannic acid and by phosphotungstic acid. 
As they do not contain "tyrosine, tryptophane, phenylalanine or 
cystine, they fail to give such protein color reactions as depend upon 
the presence of these groups. 

The molecular weight of the octadecapeptide is 1213, and the sub- 
stitution of phenylalanine, tyrosine and cystine in the place of glycine 
groups would increase this weight two or three times, giving a value 
which is of the same order of magnitude as the more modern esti- 
mations of tlic (minimal) molecular or combining-weights of many of 
the natural proteins. 

A whole scries of the polypeptides give the typical peptone biuret 
reaction (pink), and such as contain tyrosine also give Millon’s reac- 
tion. The biuret reaction is, with the glycine compounds, first encoun- 
tered in the tetrapeptide, but it is given by tripeptides built up to 
include other ainiiio-acidvS. The biuret reaction is, generally speaking, 
the more intense the greater the length of the polypeptide chain. 

The majority of the ])olypeptides are readily soluble in water, and 
su(‘h as are stiluble in water with difficulty are readily soluble in (lilute 
mineral acids and alkalies, with which they combine; they are less 
soluble ill solutions of acetic acid. As a rule they are insoluble in 
absolute alcohol, but in alcohol containing a little watery ammonia 
they may be soluble, in which case they are precipitated on boiling olT 
the ammonia. 

Under eonditions involving dehydration, as for example heating, or 
treat inent of the esters with aleoholie aimnonia, the dijieptides arc 
converted into anhydrides, which are ring-compoiiiids, designated 
Diketopiperazines, and having the general formula. 


(UI H (’() 

/ \ 

NIi;^ \ n 11 

\ / 

<U) U C\l 


Under similar con<litions the pol,\ ]>ei)tides are modified in an anal- 
ogous manner, yielding anhydrides with a riiig-strueture. 

When h,Ndrol,\ze<l, the ])olype])tides break down into their eonstit- 
iient amino-aeids, the imino-groui>s in the i)olype])tide molecule being 
conv(‘rted, by taking up the elements of winter, into amino-groups, the 
reaelion being 

— CH)HN h H2<) = — (XK)H -h HiN— 


A very large number of the polypeptides are hydrolyzed by the pro- 
tein-si)litting enzymes Pepsin, Trypsin, etc., and, in some cases, at all 
events, it is (‘crtain that the hydrolysis takes place in stages, as it does 
with the proteins and peptones. We will revert in more detail to this 
question in a later chapter (Chapter X). 
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THE OCCURRENCE OF PEPTIDES AMONG THE PRODUCTS 
OF PROTEIN HYDROLYSIS. 

Tlu* fa(*1 thni \\ lirn tlirv jirt iijmiu 

IojhI 1() 11u‘ priMluction of tlu‘ sarm‘ Mih .tanrf* ammo aral .. tliaf tin- 
|)<)1,\ |)<‘|)ti(los XNlirii h><in»l\v;tML aii<! tli<‘ f;n’t fliaf th<- Aiithrtir 

I><)lyj)<‘l>ti(lt‘S rt'srnil>l(‘ tin* ua<i\i‘ aiMl <h‘nv<*<l prnfrin. m m 

tlioir pli>si<*al an<l clKMiiif^al <*liarurt<*ri atVunl a annu^ l»a ai 

for i\w supposition that th(‘ prt»tnns aro, in fart, chains nf annuo arid 
radicals, IiuK(»d tojj:(‘llu‘r as tlicy arc in the pi»l\ peptic ic i liv the mutual 
n<Milrali/.ati(»n of NH-aial fOOH ^roup*>. < ‘ontinuation of (hi. 
view isalVordcfl hy the fact that «!i-, tri-, and tel rapept id«* , have heeii 
lVe<(U(*ntly found aii<l ideiitifi<‘<i ainoiif* the produc't . of the jueompletc* 
hy<lrolysis of proteins. 'Pluis j?I\e\I-tl-alaniue, 1 t\ro.iue .mcl 

a totrajx^ptifh' built up h\ the unh»n of l! iiioleeule . of id>‘*UH\ I 
of <l-alaniiu' and 1 of I-t v roMiie, lia\i* het*n i.oIate<l from aiiioiu* the 
<*lea\ af;< ‘-products of Fibroin, <i:I\e\ l-l-h‘Uc*ine. l-leui\\I d .d.iiiim\ ‘dve^ 1 
<l-valin<‘ and a dipeplid(‘ \ i<‘I<lin^ d-alaniiic' and 1-proluii* on h," drop .i , 
luiv(‘ ohtain<‘<l from Elastin, KL'ovld piohne ha . l»<‘eu c»lu. lined 

from Gelatin, and a l\s\ 1 p<‘ptide from Kjjjj aU>uxnin. l'*ioni 

Gliadm a dip<‘]>ttd(‘ has heiui split oif whieh \ leld . phcuc l.daiunc' and 
prohiU‘ whc'ii eonipIeteI\ h\drolN/<‘d, while I .(»hMic*\ I\ ahm* ha. hecsi 
ohtaiiKsI in th<‘ partial h> drol\ sis of <*a‘.ein A dipep(idc» o| ehitamn 
acid and c^stiiu*, Glutathione, has li<*en i.olaled h\ < tow land Ihcplin. 
from a variet\ of animal and \e^<‘tahle tissue, m whnli it e^ i ,r jue 
fornnsl. It is h(di<‘\e<l to phiN an important )»art m cell oMd.itmn 

From tin* <‘onstru<‘tion of th(*s<‘ fiaunH*n( » of the pnUi in molecule 
ive may inftT 1h<‘ arehiti'ctun* of th<‘ whole, ,int| without aom:- o t.ii 
as to as.sum<‘ that no other l\pc»s of hnkaae (*\i .t within the piotc in 
mohM'uh', an assumption which would \<*r\ po..il»I\ l»<' umoikiI. wc* 
may safely conchnli* that the ('OllN hnK;u*e plav .a\ei\ picMiom 
inant pail in hindin^ to^ctlaM* tin' <'oii .t it iieiit part, of the* piotein 

ddu* t(‘trap(‘pli<h‘ r<‘rcrr<‘d to aho\<‘, which ha. heeii i c»la(ed fiom 
th(‘ products of the incompleti* h\dn)l\Ms of .silk lihroin. i . <»f c .p»*ei.d 
in1<‘rest, because had it not been i<Ientilie<l a ^ a Ictrapcptidc it would 
c(‘rtainl,\ hav<‘ Ix^cmi in<*ln<led amonji: tlie protcsise.. It i. pn‘cipil.itc*d 
by phosph<)liinj>sti<* aei<l, n‘adil,N ilissol\<*s in watiu*. i. in .ohihlc in 
aleoliol and (*oaj.ciilat(Ml l».\ saturation of its aipicou . .olutiou. with 
ammonium sulphat(‘ or with soilium chloriih*. Itn moleeiilar weitcht, 
determined liy the eryoseopie (free/an^jj-point ) method, wa*. 'Plu* 

synlludie penlape])tid(‘, I-hsicyl-tri^jflyc.s l-!-t> rosiue, posse . .c » \cr\ 
similar properties, so that the prot<‘oses an* not uct‘<‘ssaril\ <*\cc<snngl\ 
complex sul)stiin<*<‘s, nor is e\<‘essiv<‘ eomph‘\it> necessar\ iu order 
that substances of this t.>pe may be eouKulable U\ saturatfou of lludr 
aqueous solutions with anmumiuiu sulpliate- 
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THE ANALYSIS AND CHABACTEXUZATION OF PROTEINS BY 
THE DETERMINATION OF THE AMINO-ACID RADICALS 
WHICH THEY CONTAIN. 

'^riie hydrolysis of the proteins is accompanied By a very marked 
incre'Mse in the total number of free amino-groups present in the solu- 
tion. This is due to the fact that successive repetitions of the reaction: 

— C^OHN h H2O » — rOOH 4- HaN— 

result in the transformation of imino-groups into amino-groups, until 
the final number of amino-groups formed corresponds with the total 
number of simino-a(‘id radicals out of which the protein is built up. 

Reference has he<‘ii made above to the fact that free amino-groups 
in llie alii)hatic series have the well-known property of reacting with 
nitrous acid, with the liberation of nitrogen, in accordance with the 
equation: 

— RNlIa + HNO2 =. -ROH + H2O + N2 

^Vry ingenious advantage has been taken of this fact by I). I) Van 
Sl,\k(‘, in the inetlnxl which he has devised, and which is now very 
A\id('l,> utilized for the determination of the distribution and partition 
of nitrogen within the ])rotein molecule. 

''riiis method consists essentially in the following process. The 
protein having been in the first place subjected to complete hydrolysis, 
the small ])roportion of ammonia which always occurs in the mixture of 
products ((l<‘n\ed from “amide” nitrogen in the ])rotein molecule) is 
first r('move<l b,\ vacunni distillation and separately determined The 
n'sidual mixture of products is then treated with ])hosph()tungstic acid, 
\\ Inch results in the jirecipitation of the diamino-a(‘i(ls, namely, Cystine, 
Arginine, Lysine and Histidine; a determination of sulidiur yields a 
nu'asnre of tin' (\^stlne content Arginine has the ]>roperty of .yielding 
oiu*-half of its nitrogen in the fonu of ammonia on boiling with alkali. 
Th(‘ (piantity of ammonia developed on boiling the precipitate with 
alkali th<»refor(* alVords a measure of the content of arginine 

Tlu‘ total nitrogen in the phosj)hotungstic-acid preciintate is now 
(h^enniiu'd, and from it is subtracted the calculated ])roportion of 
nilrogmi which is c'oiitributed by the cystine and arginine content. 
''I''lu‘ ri'sidual nitrogen is derived from lysine C = x) and histidine ( =y). 
On tnuitment with nitrous acid lysine yields a volume of free nitrogen 
c'orrespondiiig to the whole of its nitrogen content ( = x), while histidine 
,>’ields a volume of free nitrogen winch corresponds to one-third of 
its nitrogen content (=*j-y)- The amino-nitrogen content of the 
precipitate is therefore determined by the nitrogen yield on treatment 
with nitrous acid, and after subtracting the amino-nitrogen yield due to 
arginine ( = one-fourth of the total nitrogen in arginine) and of cystine 
C®=the whole of its nitrogen content) the residual amino-nitrogen 
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('\ !<1<*i!(In r(‘pr(\s(»iils tin* wliolr of tlu* ly.siiK* nitr<>^<‘n plu.s of 

ilw his(i<lin<* nitro^cMi, or \ 1 /.y. But tin* <!<»f(TUunatiori of t|jo /o/u/ 
nitro^(‘n in tlir pliosphotuii^j:sti<*-a<‘i<l pn*<‘ipitjito, niul the Mil>tra<»tiou 
lluTt'froui of tli(‘ <\\s1in<' aud arKiuiiu* nitroKaii, has already givtai us a 
iu(»asur<‘ of tla* fafttl nilro^<*u rontaiiu*d in th<‘ lysint* niai lustt<liu(*, 
that is, of \ [ y. SuhtracfiuiJ:, tluM’ofon', tlu* auuuo-uit rof«:rn yiold tliu* 
to th<‘s<‘ two aniino-a<M<ls fnau tlH‘ prop«>rtiou of tla* t<dal nilrofi;c*u 
which th(*y <‘oiitril>ut<*, Iht* <liir<*n*iu*<* c\ali*utl,\ <'orn‘spouds to two- 
thinls of tlu* histi^liiu* nitrogen, from which tla* <‘(ait(‘ats of histidiia* 
aial l\siia* i!jay lx* r<*adily coiuput(*d. 

Ill tla* Iiltra1<‘ from tla* phosphotuuK^ti<*-a<*id prc<*ipitatc tla* total 
nitrojjc«*n aial tla* amino-nit rog<*n ar<* s(*parat<*l\ <l<*t(*nuiia*<l. ’'Pla* 
difr<*r<*nci* ,\i(*hls a na*asurt* of tla* iiitrof^cn contain<*d in pyrrolalinc 
{proliia* and oxyproliia*) or iialoh* (t ryptophaia*) riii^s. 

For tla* dt*tcnninati<»n of tla* nitroj>:<*n <*voIvt*d from amiuo-^roups on 
tr(*atm<*nt with nit rous a<*al, \*an Sl\ kc has d<‘vis<*d a V(*rv con\’cni(*nt 
ajiparatus \\ha*h ix*rmits tla* rapal aial a<‘<*urat(* determination of 
amino-j*r<»u|)s in \ (*r\ sinall <|uantities of inat<*rial For d<“n<*ripl ions 
of this apparatus tla* r(*a<h*r is referrt*d to \'an Si.\ kt*’s onj^inal arta*h*s 
<»r to eurr4*nt lahoratorx -handbooks * 

During tla* hydrolx sis of prot(‘ins b> h\ <lr<x*hloric a<*i<l a small 
ana>unt of a \<*r\ <h*(*pl.N <*olor<*<l pr<*cipital(* s<*|)arat<*s out. 'ria* 
nitro^(‘n eont<*nt of this pr<*<*ipitat(* is tla* so-<*alle<l “huimn’’ nitro 
j»en. 'Phis app(*ais to lx* d<*riv<*<l from a portion of tla* 1 1 \\ ptophaia* 
and, in tla* pres(‘ne<* of a sulli<‘ic*iie.\ of <*arlx)h\ drat<*, whi(‘h acts as a 
(‘atal\'/<'r for tlu* formation of buniin, tla* \ a*ld of humin-nitro|jj<*n is 
statc*d to lx* a ciuantitat i\ <* na*asun* of tla* t r\ pt(»phane-<*ont<*ut t)r the 
protein 

'^riie following an* n*pn*s<*ntati\ <* rc*sults ol)taiia*d by \'an Six k(*’s 
m(*tbod 


i»Ki{(’KN'r \<iK oi«’ 'riiK 'roTvn iNrriaxiKN <*oN'r\iNKi) in x'xinnis \mino- 

A<'II) <l|{ori»S OK TIIK I NDKKMKNTIONKI) CKO'rKINS 
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The following are among the estimations of the amino-acids yielded 
by various proteins, determined by the more exhaustive but less con- 
venient method of Emil Fischer.^ It must be recollected, however, that 
the estimates for the majority of the monoamino-acids are minimal 
estimates only, for the reason that in the process of analysis a certain 
proportion of the nitrogen escapes estimation. It is probable, however, 
that in experienced hands the losses are of similar magnitude and kind, 
so that the results obtained by different investigators may be con- 
sidered comparable. From these figures it may clearly be seen how 
variable is the composition of different proteins in respect to their 
content of the various amino-acid radicals and how great a rearrange- 
ment and reassortment of radicals is necessary before one protein can 
be converted into another and, consequently, before the various 
proteins of the <liet can be converted into the characteristic proteins 
of the various tissues of the body. 
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CHAPTER VIII. 


COMPOUNDS OF THE PROTEINS. 

TYPES OF UNION IN THE PROTEIN MOLECUX-E. 

Following the recognition of the fact that the proteins are com- 
plexes built up by the union of amino-acids, the question of the mode 
of union between them became one of paramount importance. Hof- 
nieivSter has pointed out that it is possible to conceive of several ways 
in wliich amino-acids might be linked together, such as: 

A. Direct union of the carbon atoms, as: 

I I 

— c C-— 

1 1 

iindcT which condition the molecule would be an iininense chain of 
c‘arboii atoms, and if the addition of the elements of water (h;^ drol^N^sis) 
were to act*omplish the sjilitting up of the molecule, a large proportion 
of hy<lro\y-acids would result: 

II II 

C’ (^— -f HOH — C’H -h HOC'— 

II II 

wluMvas h.\ droxy-acids (t>rosine, serine and h> drox;v jiroliiie) form, 
as a ride, onl\ a small proj)ortion of the i>rodiicts of prt)tein h^drol^ sis. 

1 )irc<*t union of carbon atoms, therefore, cannot be a frec]iicnt mode of 
linkage of amino-acids within the protein molecaile. 

J^. Kthcr-hke unions, as* 



Such unions, howcAcr, would only be possible vhcii one t)f the tA\o 
amiiio-achls thus united eontained a liydro\\ 1-group and, as \\c have 
s<‘eii, hydroxy-amino-acids constitute only a small proportion of the 
total amino-acids yielded by a protein when it is Iiydrol;s'zecl 

i\ The carbon atoms may be united through a nitrogen atom, as 

I I I 

— C — N—C— 

I I 

Several varieties of this mode of union are possible, as : 

— -CHa— NH— CHa— — CH2— NH— CO— 

I II 


CHi— NCOH) * C- 
III. 


-CHa— NH— C(NH)— ^ 
IV 



KM 
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In tlu‘ synthetic p<)Iy|)oi>ti<los it may ho inforn*<l rnmi tlu» inotlaMl*, 
of syiitlu'sis oiii|>loy<‘<l that tlx* ainino-a<’i<ls ar<* unittMi with <»n<* aiiotln'r 
tliroa^lia !iitrog<*ii atom, ami tho fa<*t that thoso |)ol\ . \iohl 

amiiio-acicls on iroatmont witli tho naino hy«lrt>l%/inK ap»nts tl»a( 
prochioc' amino-aoals from protoins, ami tlu* fart that po!\ popti<h*N in 
which tins strii(‘turc has hc<‘n cstahlisliccl h> .\\ntfu‘sis <»mir anioujj: 
the partial <Ilg<‘stion pro<lm*ts of protein, (*om!anc to cstahlish the 
corrc<'tncss of the vi<‘w that in tlic proteins, ais in the s\ntheti<’ pol.N- 
p(‘pti<les, the union of anumHa<*uls takes pla<*e through tlu* tuMitrali- 
nation of amino-j^roups by cairhoxyl-groups. Furthermon*, tin* ra<*t 
that the i)roteins yh*l<l tin* Bitiret Eeaction also eonhrm^ this view of 
the const PiK'tion of the protein inoh*<*nle. It has heeii fouml that 
only those substances wliich (*ontaIn two (’OlIN jicroups <ir two 
(\SIIN or two (*(NII)!IN groups or uml<*r <*ertain <*omlitions 
two ('IINII groups yield tin* hiur<*t-ti*st. 'riiat su<*h group, as 

I 

<*onN COHN 


oc<*ur fre<|uentl.\ in [)rotcin mol<*cules, as the\ <U» iji the niole<’tile*. of 
tin* polyp<*pti(les, is, tln‘n*fore, <*stahlislH*(l h\ a nuinh<*r of imlep<'ml<’nt 
Iim*s of evi<lenc<*, and tin* <*\istence of a larg(* niunlnn* of such lnikag<**. 
in the ])rot<*ins is furtln*rinor<‘ <*onfinm*<l In the t*\trenie paiiiMts of 
Free Amino-groups in tin* native* |)rot<*in nioh‘<*uh*. 

'riie content of fr<‘(* amino-groups in native* ami <l(*rive<l piote'ins 
may In* e'stimaleel in e*ither of tw'o \\a\s- ’'I'ln* first ele*pe‘nd. upon tin* 

liheratiem e)r nitroge'ii whieh e)ce*urs wdien fr<*e* Nil*, group, react with 
iiitrems acid, in ace*orelance with tin* <*epiation 

HNII.. I UNO. 10)11 I MO i N 

1 ine)l(*ciile eif nitre>ge'n he*ing re*le*ase*el fe>r e*\ e*r\ fn*e* anum»-i»ronj> 
originall.\ pr(*s<*nt in tin* siihstams* 'I'ln* se*ceunl nn*thod (Sore'H'.en’s 
nn*tlie)el e)r fe)rine)I titratie)n) el<*pc*nels npem tin* fae*l lliat fonnahle'lix <i<* 
reacts with amino-acids te) form iin*th>l<*ne ele*ri\ ati\ <*s in ae*<‘onlame* 
w'ith the* rcactie)!!: 

U()()<M<NH" \ iK’on n<)(>(’i<N:cn. I no. 

If the solution he neutral to begin with, it will now he* a<*iel, owing to 
the elestruetion e)f the basic Nl^-group leaving tin* <*arho\\ l-group 
unopposeel. The number eif amino-groups elestroy<*el by tin* fe>rmaldc*- 
hyde, or rather the number of carboxyl-groups le*ft uuoppe)se*<l, ma> In* 
estimated by the cpiantity of alkali recpureel to r<‘s(or(* tin* orgiual 
neutral reaeiion of the solution. 

An examination of the various proteins by either of tln*s<* nn*thenls 
reveals the fact that the content of free amino-groups in tin* uuhydro-^ 
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lyzed protein molecules is very small indeed. Thus, Van Slyke and 
Birchard have obtained the following results: 


percentage of total nitrogen present in free amino- 

GROXTPS. 


Hemoglobin 

Casein 

Hemocyanin 

Gelatin 

Hclcstin 

Gliadin 

Zein 

Heteroalbumoso 
Protoal bumose 


6 0 
5 5 
4 3 
3 1 
1 8 
1 1 
0 0 
8 1 
9 9 


On the other hand, Edestin, after complete hydrolysis by hydrochloric 
acid, yields a volume of free nitrogen, on treatment with nitrous acid, 
corresponding to no less than 79 per cent of its total nitrogen content, 
and the formol titration is proportionately increased. A very small 
proportion of the amino-groups of the amino-acids from which these 
proteins are built up are, therefore, present as unneutralized amino- 
groups in the unhydrolyzed protein. 

It has, in fact, been shown that the free amino-nitrogen in the 
unaltered protein molecule exactly corresponds in quantity to one-half 
the Lysme nitrogen. Hence, Zein, which contains no lysine radicals, 
;^'ields no free nitrogen on treatment with nitrous acid. The period 
retiuired for the complete interaction of proteins with nitrous acid is 
about thirty minutes (with the technic employed by Van Slyke), which 
is tcMi times as lonj* as the period required for complete interaction with 
a-amino-groups, but corresponds exactly with that found to be required 
for the conqilete interaction of nitrous acid with the c*h-amino-group 
of lysine From these facts Van Slyke and Birchard infer that lysine 
is united to the adjacent amino-acid radicals in the protein molecule 
l)y means of its carboxyl- and its a-amino-groups, while the w-amiiio- 
group remains iiiicombined and represents, within at most a fraction 
of a per cent of the total protein nitrogen, the entire amount of free 
amino-nitrogen in the native proteins. The a-amino-groups, which 
(‘onstitute by far the greater part of the free amino-mtrogen formed 
after complete hydrolysis, are, in the intact protein molecule, all con- 
densed into iieptule-linkages. 

In the primary Proteoses, or first split-products of protein hydrolysis, 
the relations are different. The free amino-groups in hetero- or proto- 
albumose exceed one-half the content of lysine nitrogen by 3.0 and 4.8 
per cent of the total nitrogen respectively, indicating that an appre- 
ciable proportion of the a-amino-groups are uncovered even in the first 
steps of hydrolysis. 

Notwithstanding the fact, however, that a great majority of the 
linkages uniting the different amino-acids in the protein molecule have 
thus been proved to be of the peptide character, the possibility is by 
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no iiK^Miis (‘x<*hHl<Nl that oIIht Iiikk 2 )]i'<\s ina\ oor\i »l with in lla* 

]m)(oin mol<MMiU‘. Oiu' lari. liirh wtaild ;ip{u*ar tt> alV«»ril iiulii'afiuu 
of the |)n'S<ai(‘i* of iioii-pt^pf i<!<* Iinkii^<*s in <Ii<* nati\<* profoin ni<»UMMiU* 
is that while native protein is atta<‘ke(l by the Pepsin 4>f jLCastrh* juitx* 
4in(l li\<lrolyz(‘<l by it .as far as the pr4>t<M>s<* .s<aj>;4‘ 4»f h\<lrt>I\ si:., the 
Viirions pept4)n4‘s .ainl syntln'tic* polyp<*pti4h*s Jin‘ lait h\4lr4»l\'/ab!4* b> 
pt^psin. 'Phis may naain that typ<‘s of nnion exist in the prottan 
inoI(‘eiih* which sus(*<*ptible to attack by pepsin ;incl which an* not 
present in the pc'ptones and polypepti<h»s- On tin* oth4‘r hainl it may 
sinii>ly in4li(*at4* tliat tin* |j;reuter leii|jcth of the amino-acid «‘hain in the 
njitiv<‘ prot(*in nn)l<*ciile conf<*rs upon it suni(*i<*nf instabilitv to lay it 
open to attiick ainl 4iisint4*|'rati4>n by tin* relativ4*ly \\<*ak h\4lrol\ zin^ 
enzyme, iH*psin, whih* tht* rehitiv4*k\ stable* prot4*os<*.s r4‘<piir<* a nmn* 
energ(*tic hydrolyzinjjf-agent sindi as tin* Trypsin 4»f parn*rt*ati<* jiii<*4* 
This hitter view r4*<*4*iv4*s substantial supp4)rt frean tin* fact that tin* 
si>littinj» of prot4*in into prekteeises alrcaely n*sulth in the uncove'rinj,!; 
of free jiinino-^remiks, so that the })rote4)S4*s an* evid4*nt Is imitt-tl t4»t»4*t ln*r 
in the prot<*in nn»l<*<*ule through nitro^4*n atoms as the aimno arid*, 
i»re link<*4l top*ther in p(*pti4le.s. Kurt hermor4*, it is d4*fiiut4‘l\ known 
that Kr4*at4‘r length 4>f 4in 4nnino-4u*id chain <‘onf«*rs up4)n it area (4*r 
instidulity tow'juxl h> drolyzinji: i*nzynn*s 7'liu.s, Tetra~Kly«yl Klytinm 
is hydrolyz<*<l by Iryjisin, wliilc gly<*\ l-^l>4*in. dit^l\ c\ l-i(l\ 4-in4‘ ami 
triji:lyc,\ l-gly<*in<* Jin* md iittacked by this 4*n/A iin* 


CONSEQUENCES OF THE POLYPEPTmE STRUCTURE OF 

PROTEINS. 

’’Hic ])olypepthl4*s iirc as (*sscntially jimino-aci<ls a*, tin* amnn> acid . 
out of which tln*y are built up. "I'liiis, ^1\ <*\ l-g!\ eiin* e. a*. 1\picall\ 
4in amiinMiehl as ji;lyeiin* its<‘lf, since it po.s;';<*'».s(*s an Nil., e.ruiip a . 
well as a (7)011 jj;roup, and for this r(*ason is pn*suniabl\ < aj>abh* <»f 
fonninjj; eomponnds, not only with a<*hls and ba.s<*:.. but akso, p4»'.sil>l\. 
even with n4*utrsd salts, hy attacliing tin* basic ra4lical of tin* j.all at 
one point of the nioh*eiih* (the earboxyl) and tln*a<-id radi<*al at ain»lln*r 
(the jiiniiio-j^roup). On under^oin^ eh*<*trok\ tit* dis.s4n'iation in atpietnis 
solution it Tuay b<* siif)])os(*<l to yiehl eilin‘r hytlroj^en (IP) ion:., <»r 
hydroxyl (Oil ) ions, owdn^ to the oe<*urrein*<* of a rea<*tioii with uat<‘r 
of the type. 

NH* Nltion 

H<^ -I- II.OH U/" 

^Jooir V’oou 

just as atmnoma, in aqueous solution, partially rt*u<*tH wdth \vat(*r to 
form NII4OII. 

It was c*onsid(*re<l until quite r(*<‘cuitly, ami is still thoupjht in somt* 
quarters, that these elements in the strueture of tin* pr<»teiii ami 
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polypeptide molecules afford an explanation of the power whioh they 
possess of uniting with both acids and bases — in other words, the 
Amphoteric character of the proteins. A variety of facts have been 
ascertained in recent years, however, which have compelled a revision 
of this opinion, and we now recognize that some elements in the protein 
molecule other than free — NH 2 or — COOH groups must be respon- 
sible for the acid- and base-neutralizing power that is possessed in a 
marked degree by many proteins. 

In the first place, the investigations to which reference has been 
made above have shown that only a very small proportion of the 
nitrogen in proteins is present within their molecules in the form of 
— NH 2 groups. Thus, in the case of Edestin, as the above-quoted 
estimations show, only 1.8 per cent of the total nitrogen is present in 
the form of “NH 2 groups. Now edestin is insoluble, when in the free 
condition, in water. It forms an insoluble hydrochloride containing 
14X10"® equivalents^ of hydrochloric acid per gramme. On further 
addition of acid, soluble hydrochlorides are formed, and the substance 
passes completely into solution when the proportion of combined acid 
is just double that contained in the insoluble hydrochloride. Still 
further additions of acid, however, continue to be neutralized by the 
protein until, at neutrality to tropeolin OO, which changes color when 
the amount of free acid in solution is between one-hundredth and one- 
thousandth normal, after due allowance for the acid which remains 
luiiieutralized, it is found that edestin combines with no less than 
127X10"“® equivalents of acid per gramme. The formation of the 
insoluble compound with 14X 10"® equivalents of acid must correspond 
to the union of at least 1 molecule of the acid with each molecule of 
l)rotein, for any acid in excess of this amount results in the formation 
of a compoun<l of cjuite a difterent character, namely, one which is 
soluble ill water The maximal number of molecules of acid which 
may be neutralized by 1 molecule of edestin has not been determined, 
but it evidently cannot be less than the number corresponding to 
127 X 10“® ecjuivalents of hydrochloric acid per gramme of protein. If 
we assume, therefore, that the insoluble compound represented the 
result of union of 1 molecule of acid with each molecule of protein, 
tlieii the compound formed at neutrality to tropeolin must represent 

127 

the formation of a compound containing =9 molecules of acid for 

eacli molecule of edestin. If this compound were formed by the union 
of the acid with — NH 2 groups in accordance with a series of reactions 
of the type: 

RNHsOH + HCl « RNH 2 HCI + H 2 O 

then we would obviously have to assume the existence of no fewer 
than nine free — NH 2 groups in the molecule of edestin. It we assume 

^ That is, the combimng weight of HCl expressed in grammes and multiplied by 
0.00014, or the hydrochlono acid which is present m 1 4 cc of a tenth normal solution 
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lli(* iiisoliibh* (uiinpouiui to hiivr horn roriiird I»\ tiio union <ff i; 
moI<‘<*!il<ss ol* a<*i<l with I of lli«*n I In* ,t ini;it<* 4»f tin* ntnnh<*r 

oF rr<‘(‘ Nil- j^roups inu.sl In* riUM*<l to l! * U ls» iiinl o fort In 

Sup|)os!ii^ (hn insoluhh* (*oinpotin<] to !i;t\<* hrcui ft)riin*<l Ij\ tin* union 
ol* onl,N I inol<*<*uh‘ of ac*i<l w ith 1 iindooulo of oih* »tin» ;*nn*r 1 jj:r;nnnn* 
of tiu* prot(*in is, in this <*oiiiipouii<l, <*<|ui\ alcnt t(MinI\ 11 • If) •* nn»h*- 
(*uIo of hydrochloric* a<*id, about 7fMM) p;r;uniuc. of protc*in would 1 m» 
ii(Mitrali'/.(‘d h,\ I f>[rannnc-nioh*<*uhM»r hNclrochloric* ;n*id. "I'In* moic<*ular 
W(*if^ht of <*d<‘s1iin if tin* insoluble (*oiupound i * buMued b\ tin* union of 
I nn)l(*(*ul<M>f hydrochloric* acid with l inolt»<‘u!c of prot<*in, niu if tln*i*c- 
ron*b(» about 700t). Nine NH« groups in thi'> molcM'uh* woidd c-orn*- 
spoud to 10 p<*r <*<*nt of tin* total nitr<»gcii w hich <‘dc-^tin contain’.. If 
W(* \vcr<* to assunn* that tin* insohiblc <*ompound c'ontain s ‘J inolccuh*s 
of hydro(‘hIoric a<*id pc‘r inoh*cuh‘ of prot<*in. thc*n our <*'.tirnatc‘ of tin* 
rnol<*cular weight of <*<U*stin would ha\<* to be* doubh*d, but a*, the 
(*stiuiat<*d munher of frc'c* Nil- groups would also be* di»td)h*(b thi*. 
w^oiild h*av(* ns still tin* same* proportion, 10 p<*r ccuit, of the t4»fal 
nitrogen in the inoh‘<‘uI<* in the form of fret* Nil- gn»up-. 

Now tin* nn‘asun‘nn»nts of \’an Sl\ k<* and Ibrchaid h.iM* .how n that 
onl^^ 1 .S p<*r cc'iit of tin* total nitrog<‘n of tin* c*d<*.tin nn»l<»<*ul<* r-. 
pr(*s<‘nt tht*n*in in tin* form of fr<*t* Nil- groups, .o that in» Ic*.-. than 
S.2 or Sli pcT <*ent of tin* n<*ntrahzmg~powc*r of <*<h‘stin for a<*nl . 1 * 4 * 1041111 . 
to In* account (*d for in some* otlu*r bishion than b\ tin* a . .inn pt ion of a 
union of the* acid with fn*<* Nil- gnaips 

'^rin* satin* or similar m<*asur<*m<*nts ha\e bc<*n made*. <*niplo\ing a 
div(*rsit.N of prot(*ins, and alwa,\s with tin* same* dinparitv bctw«*c*n the 
actual proportion of fn*<» amuio-grou;>s in tin* molecule* of tin* |>rolcin 
and tin* pro|)ortion wlu(*h would be* n*<piin*d toaccoinphdi tin* in*utr:di- 
xatioii of all fin* acid whi<*h tin* prot<*in is <*apahl(‘ of binding d'hir., 
it has b<*<‘n point(*d out b\ Kossc*l and < *ann*ron t hat t In* .n*id- combining 
capacitx of tin* protainiin* Salnune is (*((ual to t In* combining'<‘apacit \ 
of all of tin* guanidiin»-groups of tin* arginine* radicids w inch the. protein 
<*(»iitains. ^'(‘t salmine i(*Ids no nitrog(*n what<*\<*ron treatment with 
nitrous acid Sturmei whic’h is another protanmn*, cont;un’.(»7 p4*r c<*nt 
of its nitrog(*ii in the* form of histidim* ainl (> to 7 p<*i c(*nt in tin* form 
of I.Nsiin*. It yi(*lds mtrog<*n on tn‘atnn*nt with mlioiis acid c’orre*- 
s]>onding to tin* «-amino-group of tin* l^siiu*. (>nl\ about or I out 
of every 100 ni1rog<*n atoms in si urine* arc* tln*r(*Forc* pn*sc*nt in tin* 
form of free amino-gronps. ^'<*1 100 nitrog<*n atcans in sturnn* will 
iieutrali/a* no l<*ss than 2*1 (*(pu\alent grainnn*-moh*<’nh*!* of aeid. 
Kvideiitly at l(*a.st 20 of these aeid moh*<*ules must attach llu*ins<*l\<*s 
to the m(>le<*ule of protein at some other points than those* pro\l<l<*d 
by free Nila gremps. 

Tlie number e)f Free Carboxyl-groups in any prote*iii <*anne)t be* mu<*h 
in excess of the nninb(*r of free amino-groups, for otlnuwvise* the* pre>tt*iii 
wonlel overwhelmingly aeid in its e*hara<*ter ainl he'havior, anel 
besieles, siiu*c relatively few eif the. amiiio-a<*i<l nidi(*uls in nmst prote*ins 
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are dicarboxylic acid radicals, if a great excess of free carboxyl-groups 
were present in the molecule, the combined amino-groups could not 
all be attached to carboxyl-groups as they are in the polypeptides, and 
as all our evidence tends to show they are in the proteins. Moreover, 
the results of the formol titration show that there are not many free 
carboxyl-groups in the protein molecule, and the same conclusion may 
be reached from a consideration of the effects of rather concentrated 
alkali in bringing about “ racemization” or optical inactivity of the 
majority of the amino-acid radicals in proteins. It is found that amino- 
acid radicals, of which the carboxyl-group remains uncombined, are not 
racemized’" by alkali, while amino-acids, of which the carboxyl-groups 
are neutralized in peptide-linkages, are rendered optically inactive, by 
strong alkalies. The great majority of the amino-acids which result 
from the alkaline hydrolysis of proteins are optically inactive, and so we 
must assume that in the native protein molecule their carboxyl-groups 
were not unattached. 

Now uncombined Casein is insoluble in water, but when combined 
with acids or with bases it is soluble. When just sufficient alkali has 
been employed to carry every particle of casein into solution at least 
1 molecule of the alkali must have combined with each molecule of 
casein. To carry 1 gramme of casein into solution 11.4 X 10"“^ equiva- 
lents of base, or 1.14 cc of tenth normal alkali just suffice, indicating 
a combining-weight for casein of about 8800. The tyrosine and 
sulphur-contents of casein indicate that the molecular weight of casein 
must be some multiple of 4400. 

In the presence of excess of alkali, how'^ever, the combining capacity 
of casein for bases is very much greater. We cannot, of course, deter- 
mine the inaxnnal combimng-capacity of casein for bases by titration, 
because the removal of the uncombined excess of alkali by the acid 
used in titration simply results in reducing the coinbming-capacity of 
the casein for the alkali, just as the running in of acid into a solution 
of sodium carbonate results in the formation of sodium bicarbonate 
Nor is it convenient to determine the maximal combining-capacity 
of protc'ins for bases by means of indicators. The method employed 
IS to detenmne the quantity of uncombined alkali in the protein 
solution electrometrically by means of the Gas-chain (see Chapter Xll), 
that is, by the potential develoiDed at the surface-layer of an electrode 
of hydrogen dipped into the protein solution. The greater the con- 
c*entration of free alkali, <?., of hydroxyl ions m the solution, the less 
in proportion must be the concentration of free hydrogen ions, and the 
less the concentration of free hydrogen ions in the solution the more 
hydrogen ions will travel from the superficial layer of the electrode 
into the superficial layer of solution which is in contact with. it. These 
hydrogen ions carry with them a positive charge, and hence the solution 
becomes charged positively and the electrode carries a corresponding 
negative charge. The potential thus created is a measure of the 
alkalinity (or acidity) of the solution under investigation. For the 
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Hydrogen Electrode wr uso a of ]>iatin{nii toil ur platiiunii ^iair/r 

<*(>a1(Hi with |>lutiiiuin-i>hH‘k aial salural<Ml with h\<ln»j‘,rn 

Ity this iU(*th<M! it may he sluwvn tliat in lh(‘ pn* of an excess 
of alkali, <‘as<*iii <*<»mhines with a maximal pr<»|M>rtion of 1st) - H) 
e<j[uivalents of base per #;ramiue. 'I'lu* eomhininjjj-eapaeitv of casein 
for alkalic^s <io<‘s not (‘\<‘<‘e(l this (ijjfure no matter what excess <»f alkali 
we may (employ, Wv ha\<* seen that tli<‘ minimal <M»inl»inin^-capa<-it> 
of <*asein for has(‘s is 11,-1 (‘(piivahMits <>f hast* p4‘r j^raniine. Ileiie**, 
reasoning as we <ii<I in tlu* <*asi* of tlu* (‘ompotimls of eOestin with 
hy<lroehlori<* uei<l, if tin* minimal proportum of alkali wlii<‘h jiist snnie<*s 
to carry casein into solntion corresponds to the union of I mohn-uh* 
of alkali w'ith I molecuh* (»f casc^in, th<^ maximal pntporiicm (»f alkali 
whi<‘h may he Ixamd h,N cas<*in most <*orrespoml to tia* uni«m <»r at 
leaist It) molecules of base with 1 molciaih^ of prottan. If th(*s4‘ inolc- 
<*iiles of alkali wen* unite<l to the prot(*in through < '< K >! I-gronps 
thens must l)e Hi of tlu'in, or over \ of all of tin* earhox\ l-gron|»s in 
tin* protein must exist tln‘rein in tin* fri*e, uiH*oinhined <*ondition. We 
have se(*n that this W'ould he imptissihh* ex(*epting in tin* <*asc of the 
second carboxyl in tin* <li<*arhoxylic aci<l ra< heals, ami of thc.<* then* 
an* only sufli<*ient in <*aseiii to supply -i of tin* <*arhox> l-groiip‘» re<jmred 
Kvidently the union of has(*s w'ith <»asein is a<*<*omph*iln*d through 
som<* ag<'in‘y other than fr<*<* <*arhox> 1-groups. 

Tins nature* of the ra4h(*als w'hi<*li a4*<*omplish the union of p!ot<*m 
with alkalies is iinli<*ate<l by tin* <*xp<*rinu*nts of 11 M. \’t‘rnon, who ha*, 
compared the pow<*r of j)rot(*ms am! of t!n*ir li><Irol\ tie d(‘C’oniposition 
products to neutralize bas<*s. Although tin* Hydrolytic Decomposition 
Products of a protein will iu*utraliz<* mon* alkali than tin* uml<*eonipos<*d 
protein, ,>et tlu* gam m pow'<*r to n(*utrah/(* has<*s is \<*r\ mueli less 
than oin* w'ould authapate* in \h*w' of tlu* large* nunih(*r of < arlM»\\l- 
gremps wiiieh are set five* h> h.\ drob\ sis In fa<*t , t he alkali -m*ut rah /mg 
peiw'er of the* hyelrolyze'el pre)te*in is emly slight 1\ great (‘r than t In- 
al kali-in*utra I izing pe)W'e*r of the* native*, nml<*<*ompos<*d prot<*ni Now 
in the pre)ee*ss eif liyelreilysis the* (’OIIN groups of tin* prot<*ni are* 
s])lit inte) -Nila ainl ('OOII groups. ^I'ln* inf<*r<*m-<* is that tlu* 

(’OIIN groups wdtlnii tlu* prot<*in me)le*eule* must lie* in»ail\ as 
e*lfieient in a(*e*e>inplishing the* iie*utralizatn>n of base*:-, as tin* < ’( )( )H 
gremps of the <*oiistituent umino-ae*ieIs e)ut of w*liie*li the* prnte*in is 
built up. 

More elircct cvielenec that the <'()IIN groups in the prote*i!i 
meilecule are^ re*si>e)nsiblc feir the luaitralizatiem of base*s h> prote*ins is 
alfordcel by th<i invest igatiems e)f Osborne anel L(*av<*nw'orth, w'lm have* 
shown that Edestixx, feir examine, ee)mbiu(*s wdth anel ludels in solution 
34.07 per cent of its woiglit of <*opp(%r in tlie feinn e>f tint e)Uu*rwise* 
insoluble cupric hydroxide. This, if we assume that ea<*h <*e)ppeu* atenn 
unites with 1 nitrogen atenn, involves the uniein eif euprie hyelroxiele* 
with 10 out of every !(> atoms of nitreige^n in the <*d<*stin moleeuUx 
Ne)\v this is exactly the imiportioii of nitroge*n w*hu*h cde*stin yhdels in 
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form of amino-nitrogen after complete hydrolysis. In other words, 
it is exactly equal to the proportion of — COHN — groups which the 
unhydrolyzed molecule contains; precisely similar results were obtained 
with Gliadin. 

Direct proof, on the other hand, that free — NHa groups are not 
responsible for any appreciable proportion of the acid-combining- 
capacity of proteins has been furnished by the experiments of Blasel 
and Matula and of Pauli and Hirschfeld. These investigators pre- 
pared Deaminized Gelatin by acting upon gelatin with nitrous acid, 
thus destroying all the free — NH2 groups in the molecule. They 
then compared, with the aid of the hydrogen electrode, the acid-com- 
bining capacity of the deaminized gelatin with that of normal gelatin. 
They found that the combining-capacity of deaminized gelatin for 
acids is only very slightly inferior to that of normal gelatin, indicating, 
beyond any question, that the combining-capacity of gelatin for acids 
is, in very large proportion, attributable to elements of the molecule 
other than free — NH2 groups. Since nitrogen atoms must certainly 
be the agents through which union of acids with protein is brought 
about, the inference is unavoidable that the elements of the molecule 
which actually accomplish the binding of acids by protein are, in very 
large proportion, the — COHN — groups within the body of the protein 
molecule. 

To account for both the acid- and the base-combining capacity of 
the i)r<)teins we must therefore look, not to the small proportion of 
free — NH2 or — COOH groups which the proteins afford, but to the 
— ('OIIN— groups within the body of the molecule. Now two 
varieties of this linkage can be conceived, between which it has not 
jiroved possible as yet to decide by any direct method of analysis. 
'J'hus Glycyl-glycine may conceivably be either 


or 


Ket o-form 

lliN Clh coon 


Enol-form 

IliN CH 2 C(OH) =N CH. COOH 


and oiir analytical data, and the mo<les of decomposition and synthesis 
of the proteins and peptides do not enable us, with ^luy <legree of cer- 
tainty, to distinguish between them. Neither form is therefore incon- 
sistent with our present knowledge of the synthesis and hydrolysis of 
proteins and polypeptides, but while the keto-form of the — C'OIIN — 
group would conceivably possess the power of neutralizing acids, it 
offers no probable point of union for bases. The enol-form, on the 
contrary, would provide a point of union for either acids or bases. 

When neutralization of bases is accomplished, in the usual manner, 
through the agency of carboxyl groups, the following type of reaction 
occurs : 

OH ONa 

— C«0 + NaOH * —0=0 + aO 
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Now till* <*nol tyiu* of Unki»jii:r c^arrios with it tia* |>o'. »il>ilit \ of thp 
followiiiji^ matluxl of ii(‘Utrali/anj4: l)a.st».s. 

oil <*N,i 

i ! 

(’ N \ NaUll (• N k I|.(> 

which, it will lx* ohstTVixl, is |)r<‘<*is<*ly analop:ous in the rra<*ti(m whii^li 
<M*curs ill carboxyl ^«;roups, <*\ccpt that tin* carl)on is atta<*l»c<l b,\ a 
<Ioiil>h* boiul to iiitro^<*n instead of being attaeluxl \iy a <hmble boial 
to ()\yg<*n. 

On the other haial, th<* lunit rali'/atioti of ao'hls <*an b<* ae<*oniplish<xl 
in th(‘ nsusil injiiin<*r by the* transformation of trivalent inte» pentavalent 
iiitrog(‘n: 

on e)Il I! 

I I ! 

(• N I H<a (• N 

I 

< ‘I 

''rheTe* is inueh e*vi<h*nee whi<‘h iii<lieat<*s thait the* salts w hi<*h prote*ins 
form with iiiorgani<‘Jiei(ls Jinel bas(*s elo not \ it*h! ine)rgaiu<* am. 'riiu 
Hugarsky anal Li(*bennann haive* shown tlaet Albunim bind, both 
hyelroge*!! jiial ehlorine* ions in nt*arly <*<pad proportions, 'The* follow- 
ing are r<*snlts n*porte*<l by th(*ni 
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''Phe behavior of aniino-aeiels {such as uljinine*) is epnte* <hlT<*reiit, as 
is show’ll by the* following re'sults obtainexl 1>,\ l{ohon\i- 
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Now it is found that while <*oinpounds of aieids or bastes with prot<*in 
form very gooel eondu(*tors of eleetrieity through the*ir .solutions, anel 
must therefore, be eleetrolytieedly <lisso<*iut<*d into ions, yt*t no ewi- 
denoe is afforded by these solutions of the <*xistt‘nee in of any 

ions derived from the eoinbined aeiel or bases Thus ehlorules eif the* 
proteins yield only traces of <*hle>rine ions in solution, us is shown by 
the difficulty or sluggishness with wdiich they react with silver salts 
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to form silver chloride. The calcium compound of Casein does not 
dissociate any appreciable proportion of calcium ions, and compounds 
of the proteins with silver, mercury, lead, copper, etc., do not yield 
up these ions to the solution. The conductance of electricity through 
the solution of a protein compound cannot be due to contamination of 
the protein with dissociable inorganic salts, because the conductivities 
observed are too large to be accounted for in this way, and, moreover, 
the conductivity of the protein compound varies in a very striking 
and regular manner with the proportion of acid or alkali bound, 
increasing, as one might expect, with the number of acid or alkali 
radicals which have entered into combination with the protein. 
Furthermore, in many instances, e. g,, Casein and Serum-globulin, it is 
easy to show that the protein participates in the conductance of the 
current owing to the fact that the protein is precipitated at one of 
the electrodes, and the amount of protein so precipitated is proportional 
to the amount of current which has traversed the solution. It is a 
very striking fact that casein in alkaline solution, although it is only 
precipitated at the one electrode (the anode), yet migrates toward both 
electrodes when a current is passed through the solution, indicating 
that certain portions of the casein are engaged in transporting positive 
while others are transporting negative charges. Migration of the 
proteins toward both electrodes has also been observed in solutions of 
Hemoglobm and in solutions of Fibrinogen. 

We must therefore assume that protein salts undergo ionization in 
solution, hut that in so doing they yield only protein ions, half of which 
must, of course, be positively charged, while the other half are 
negatively charged The salts formed in the manner indicated above 
must therefore undergo dissociation at some other point than that 
which aflords attachment to the inorganic ion. The following is a 
]iossihlc method of dissociation 


ONa 

1 

ONa 
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Substantial support is afforded to this suggestion by the fact that the 
ions in solutions of protein salts behave as if they were divalent. 

THE PRECIPITATION AND COAGULATION OF PROTEINS 
BY INORGANIC SALTS. 

The precipitation of proteins, and indeed of Colloids in general, 
may be of two kinds: The first is clearly accompanied by decomposi- 
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tion of tlu‘ prtM’ipitnt in^ \i will not o<‘<*ur milo*..-! tlu* pr<»tt*i!i is 

ioiuKoiI, i. r., ini^ratos un<i<‘r tho influonro of an rlrrtrir ourr<*iit. aia) 
only small <|uaiiti1i(‘s of tli<‘ ])rt‘<‘ipita1inK J*K‘**>< nnpnnsl t«» hrin^^ 
about tla‘ j)ns*ipitatioii. 'riu‘ so<‘on<! kiral of [irooipitation, Ii<i\\t‘\rr, 
whotlicr a<*ronii)anio<l l»y <lr<*om posit ion of tho pnsapitatiuju: aK<*>»t or 
not, <«*c*urs <‘\ <*11 wlusi tlu' protoin is non-ionr/o«i, aiul nsjuiros n'lativoly 
largo ani(»iints of tho pr<M*ipitating agont. Proisjatation of tin* first 
kiinl is, gonorally sp(*aking, only brougitt about by olootrol\ t<‘s, wink* 
prooipitalion of tlio so<*oinl kiinl, although as a rulo mon* roadily 
lirought about, by ol<*otrolyl<'s than by non-olootrol> tos. niaN no\t*rtln*- 
l<‘ss bo brought about by <*ortain non-i‘U‘<*trol\ (os, for o\ampl<\ b\ 
aloohok b'or this latt<T typo of pro<»ipitation \\<* shall Inun-oforlh 
rosorvc* tiu* t<‘rin Coagulation. 

Both Precipitation and Coagulation of a prot(*in nia\ bo brought about 
b,N ouo and tho saino inorgani<* salt. In suoh a <’aso tin* gradual ad<h- 
tion of sail to tho originally salt-froo solution whioh <*on(ain:. ionio 
protoin, v. r., protean whh*h drifts to one* (‘lootroeh* or to tin* othor in an 
<‘l<*(*trio liohl, first brings ahont ])r<*<‘ipitati<in anel lln*n n*soIn(ion <»f tin* 
]>rot<*in. In this in*\\ solution the* prot(*in ap))oart tt> In* iii\ariahly 
//aa-voa/r, ainl it <*an bo ooagulatoel by still furtln*r adtlition tif (In* salt 

'Tin* first kind of pr(*oipita(ion app<*ars to lx* mnh»ubt(*(lly <*ln*ninal 
in o]iara<‘t<*r and in nn*e*lianisin '^I'ln* in(*i*hanisin of coagulation is, 
how<»vc*r, far from <*l(*ar, ainl for tin* altaninH*nt of an adocpiate* und<*r- 
stainling of this ])lu*nonn*non \\<* siiall <ionI)th*.ss have* to wait until 
tin* iihy sie*o-e*h<*une*al thoory e>f phoiionn*na e»f solution ingt*ne*i.d has 
r<‘ae*liod a nieire* mature* stage* eif ele*\ e*lopine*n( than it ha ^ at pie‘ .e*n(. 
'Th(*r(* weadd app(*ar to be* no roean fordeaibt, howe*\i*r, that pnH*e*.a*s 
of Dehydration play an ini[»e>rtant and pe*rhaps a <le‘cisi\ <* part m l>i mgiug 
about e'eiagiilatnai. 

'IMu* e'onevntratnais of the* varieuis iin>rgauic salts which an* r(*<|Uire*d 
te) bring abeiut the* pre*e'ipitatie)n e>f a e*e»lle)iel m solutieai \ e*ry gre‘atl\ 
ele*]n*nel njion the* Electrical Sign of (he* iimrganic ie>iis with wlneh it may 
chanco to be* e'eanbiiu'el, aiiel upon (he* Valencies e)r (he* ions e»f tin* salts 
usoel for prt*ci])itating the* ce>lleuei ''rinis, de*linnig tin* “Precipitating 
Power*' e»f a salt as the* r(*<*iproe*al e)f (he* e*ean’e*n( ratieai in gramme*- 
ine)le*onle‘s por lite*r, ne*e*e*ssary tei pn‘cipitate‘ a gi\e‘ii seilutieai e>f e'olhaelal 
Sulphide of Arsenic, S<*hnltz fenniel that tho re*lative* pre*<*ipitatmg pe)we*rs 
of tlio univali^iit, <Hv'ale*nt ainl trivaloiit ine*tals are* in the* ratios 1 ; “>0 : 
Kino. Similar liginvs vvoro obtaiiiod feu* e*olloielal Cadmium Sulphide, 
while Liinlor anel Bie'ton, using e*e)lloielul Antimony Sulphide, fonnel that 
the proe-ipitating powors of <HlV<»ront salts of a givon motal are* pro- 
portional to their eepiivalont <*e»nduetivitie's, ?. o., te> (lie* <*eun*<*ntratiein 
of metal i(>nspre*sent in theMuixture*, anel that the relative pm*ipitating 
powers of the sulphates of univalent, <livale*nt anel trivahuit metals 
can be <*xpross<*(l by the ratios 1 : JkT : 102:k 

In all of these eases the oolloicl employed was Electro-negative; that 
is, in electrolysis it was precipitated at tho anode, the colloiel behaving 
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like the acid radical of a salt. The experiments which we have cited 
show that in such instances the ion of the added electrolyte which is 
effective in bringing about precipitation is the cation, since the valency 
of the cation determined the precipitating power of the salt, while the 
valency of the anion was immaterial to the result. If, however, we 
dilute the white of an egg with ten times its volume of distilled water, 
filter off the flakes of Globulin which are precipitated, and then heat 
the solution to boiling-point, we obtain an opalescent solution or sus- 
pension of Egg-albumin which is very easily coagulated by traces of 
various salts. If a trace of acid be added to -^e solution and an 
electrical current passed through it, the protein is precipitated at the 
cathode, while if, instead of acid, a trace of alkali be added, the protein 
is precipitated, not at the cathode but at the anode. In the former 
case the i^rotein behaves like a cation or the basic radical of a salt, 
and is said to be ‘‘Electro-positive,** while in the latter case the protein 
behaves like an anion, or the acid radical of a salt, and it is said to be 
“Electro-negative.** It is probable that in both these instances the 
}3roteiii migrates to both electrodes, but the protein ion which carries 
the inorganic radical with it, in the first case the acid and in the second 
the alkali, is held in solution by the acid or alkali it bears after it has 
given up its electrical charge to the electrode. 

Now in alkaline solutions of this heat-modified egg-albumin it is 
found tliat the cations of added salts are the active agents in precipitat- 
ing the ])rotein, just as in the case of the sulphides of antimony, arsenic 
or cadmium, hut in acid solutions of the heat-modified egg-albumin 
these relationshij>s are entirely reversed, the valency of the cation of 
the added salt becomes immaterial and the precipitating power of the 
salt is determined by its (vuwn The following results, obtained by 
W. H Hardy, illustrate this inversion of the precipitating ion when the 
j)rotein, from functioning as an acid, comes to function as a base: 


PKOTKIN IN OF A TRACE OF ALKALI, ELECTIKVNEGATIVE. 


Temperature 1(5®. Coagulating salt 1 gramme-molecule in 80,000 cc. 


CcmKulat<Ml at once 
AL(S003 
(Jd(NOj)2 
CuSOi 
CuCb 


On blighily warming 
MgSO* 
BaCU 
CaCU 


Did not coagulate 
NaiSOi 
K2SO4 
NaCl 


PROTEIN IN PRESENCE OF A TRACE OF ACID; ELECTRO-POSITIVE. 


Coagulated instantly. No effect. 

Al2(S04)3 CuCl 2 

CoSO. Cki(NO.)> 

K:S04 BaCli 

NasSO. NaCl 

MgSO. 


Siioilax results have been obtained with a variety of other colloids. 
Electro-negative colloids are precipitated, if at all, by cations; electro- 
positive colloids by anions. 



{7i\ 


r7M//»or\ 77//'/ ru(*ri*:/\s 


Whclliam (‘xplaint'tl th<‘sf plM*noin«M»a in th<» followintr ssixy: Ur 
nssunnss that facli partic*l<‘ c*am«*s an ««l<n’trical a 

r<)m\s|)<>n<lin/j: an<l oppositi* c’har^t* hrin^ iinhirrd npi»!i ihv Mirfa<‘n of 
t!i<' \vat<‘r in iinnu*<iiatr <‘onta<*t with tlic^ colhnd. 'I'ho of this 

<*har^<‘ is to <!nninish tht‘ Surface Tension at tin* surfart* s<‘paratinjj: 
tlu‘ \vat<M* and IIk* <M>ll(»i<h and tln*rof<»n* t<i diminish tin* ti*inii*n<'\ of 
this surfa<'(‘ to contract. So loiifx as the colloid is disp<*rsc<l thronj^h 
the solution in the form of minute* susp<*inh*<l or dissoI\<*d i>articl<*s 
the* surface* separalini^ tin* collonl and the \\at<*r is \<*r> larjije*. \Vln*n 
t lie <‘olIoi<i is (lo<*<*ulatcd ainl pr<*<*ipitate<l (In* surfa<*<* is, in (*t»nM‘<|U(*ncc. 
contrac1i*<h 'Tin* h*ss tin* teinh*n<*> of this surface* to i*onlra<’t, 
\Vln*tliain arp;iu*s, tin* h*ss will he* the te‘n<h'n<\v ftir the* c«»lh»idal partie»l<*s 
to adh<*n* to one* ane»tln*r and form larjiye* llo<*culi 

'Pin* (*ations of the* add(*el <*h*ctrol\ te*. in the* case* of ** 4‘h*<*tro-n(*j^ati\ e*" 
e*olloi(ls, or tin* anions of (lie* a<i<h*<l <*lee*troI\ te*. in (In* e*a-.e* e>r *'ci<*ctro- 
positi\e*” colloids, ncut ralize*, ae*ce>rdinjy: to \Vln*tha!n, 1 he* <*har^e*s w lii<*h 
are* e*arri<‘<l hy tin* e'olloielal j)articl<*s. '^Pln* <*h*<*trical elouhh* la\<*r at 
t In* snrfae'e* of t in* e'olleinl ainl (he* \\a(e*r thus elisappe*ar^, ainl (In* .surface* 
<*()nt ra<*ts, (In* (iin*ly suspe*ndt*<l coIl<»i<laI parti<‘le*s unite* to form lar^c 
a^^r«*|»at<*s ha\mj^ a Ie*ss e*\te*inl<*<l surfa(*e* and the*s<* hnall> 

h(*<*onn* so Iar;;?e* as to assume* the pre)pe‘rtn*s of niatt<*r in mass, ainl 
ln*n<*<* are* carrie*d out <»r solution h\ the* a<*tion of nra\it\ In this 
wa.N tin* d<*p<*nd<*n<*<* e»f tin* pr<*<*ipila(in^ po\\<*r of an <»l<*c( rol\ te* upon 
its d(*j>jr(*e* of ie>ni'/atn)n, anel also the* re\e*rsal in tin* ie»la(ive» pn*<*ipitat- 
in^JC pov\<*rs of the* ions of the* adele*<I e*le*e*trolN te* upon re»\e*rsn)n of tin* 
sign of tin* (*le*ctri<*al <*harge* pre*sume‘el to he* <*arrie*<l h\ the* collonl, 
found an <*\planati<in In mt<*rpr(*tiiig the* Valency Rule <lis<*o\ e‘i(»(l 
l)\ Schultz, \Vln*thani d<*\'e*Iops liis the*e)r\ as follows 

“ In a solution \\he*re* ions an* mo\ing fr<‘cl\ , tin* j>rol>ahilit \ that an 
ion IS at an\ instant within r<*a<*!i of a fi\<*d point is, putting <’e*rt;unt\ 
e'(|nal to unit\ , approMinatcly rcpre»se*nted h> a fiactnni projxirtional 
to the* ratio he*t\ve*e*n the* ve)hmu* e»ce*upie*<l h\ tin* sphe*rcs e»f in(lucn<*<* 
of the* ions and the* whole* volume* of tin* solution, and ma\ lx* wnt((*n 
as A( \ \vln*re* A is e*onstant ainl <' re*|)re*se*nts the* e*onc<*ntration of the* 
solutie)!!. ’'Pin* chain*<* that t%vo such ienis should lx* pn*S(*nt tog(*tln*r 
is the* produe*! of their separate* <*han<*(*s, that is (A(’)'‘. Similarly tin* 
cliane'c lor the* conjune*tion of thre*(* ions is (A<')**, ainl for the* e*on- 
juiK'tion of n ions is (A( 

In ordtT that tlire*c sedutiems containing trivah*nt, <livale*nt anel 
univalent ions rcsp<»ctivoly should have c*<iual e*oagulativc* |>ei\v<»rs, 
the fre<|uene‘y with which the iu*<*eHsary ce)iijun<*tions shemlel o<*<*nr 
must he the* same* in <*a(*li solution. We shenild then have, the (‘einstant 
being assumeel eepial in each ease: 

Therefore, 

1 1 




Ca 


1 

mm 

a" 
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Cl, C2, C3 representing the concentrations of monads, diads and triads 
in their respective solutions. Thus we get for the ratios of the con- 
centrations of equicoagulative solutions: 

2. L 1 JL _1 

Cl : O 2 : C3 « B6n ; B3n : B2n = 1 : B6n : B3a 

1 1 

Lot US put ratios can then be written: 


The reciprocals of the numbers expressing the relative concentrations 
of equi<.‘oagulative solutions give values proportional to the coagulative 
powers of solutions of equal concentration; so that, calling the coagula- 
tive powers of equivalent solutions containing monovalent, divalent 
and trivaicnt ions respectively pi : p 2 : ps, we get : 

|ji : Pi * Pi * = 1 : X : X* 

Let us now take some numerical examples: 

Putting X == o2 we get the series: 

1 . 32 1024 

w'hich agrees very well with Linder and Picton’s results for colloidal 
solutions of antimony sulphide: 

1 : 35 : 1023 

and putting x = 40, we get 

1 : 40 : 1600 

lunnhers eoinpiirable to Schultz’s values for sulphide of arsenic. 

Tills theory obtained for some time a very wide acceptance, but 
the difficulty attaching to it from the first was that of accounting for 
the ac*ciuiremeut, hy the colloid, of an electrical charge. It will be 
recollected that the sign of the charge borne by the portion of the 
colloid which is jirecipitatcd at an electrode by an electric current, is 
reversed by changing the reaction of the solution of the colloid from 
ac‘id to alkaline. Obviously, therefore, the electrical charge carried 
by the colloidal particles is determined by the acid or alkali which is 
added to tlie solution, and it was tacitly assumed that the charge 
obtaining in acid solutions was derived from the hydrogen ions of the 
acid, while that obtaining in alkaline solutions was derived from the 
hydroxyl ions of the alkali. But if, for example, egg-albumin acquires 
a'positive charge from the hydrogen ions of hydrochloric acid, we must 
next inquire what becomes of the chlorine ion of the acid ? It cannot 
exist in a free state with unneutralized charges, and no way exists 
for it to neutralize its charge except by attachment to an oppositely 
charged albumin molecule. But this attachment of both ions of the 
hydrochloric acid to the albumin differs in no distinguishable way 
whatever from chemical combination, 

12 
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Tluit i\\v ions of a<‘i<ls aw a<»tuall\ iHauHl tlu* 

may roaulily lx* shown hy (*nipIo> inj^ llio h\<lrop*n t»r o\on 

by tlu‘ aial of in<n<*jafors, Tho anions of aoitl^ must (horofun* he 
\viso al<a(‘lH*<l to tho prot<‘in parti<*h*s. Now l4*t ns aipp<iso that tlu* 
(‘harj^o comiiiuiuc^atixi to tho proloin pairtiolo h\ th<‘ h\ciro^«*ii ion of tin* 
aoi<l is n<'utnili'/(*<l 1)\ tla'aniion of a pro<‘ipitatinK ‘'alt , what will happ<*n 
to tho <*aition of tlu* pns’ipitaitinj^ salt? Its <*hnrp‘ nmst lu* lUMif rali'/<sl, 
amd this<*a»n onl.\ ho a<*<*oin|>IislH‘<l h.N its union vNith tin* prol<*in ooni- 
pl<^\ or ("Iso hy its union w‘itli tho a<‘i<i nnlioail w hioh is also ;»ttaoho<l to 
ilu‘ protiun. In tlu* first ailtorauiti\c*, tlu* (rain <»f oN<*n('t would ho 
ropr<‘S(*ntod hy tho <s|uaation: 

2 PioliMn IK *1 I Na*S()| tPnUi'iii IK*1‘ N i S« U 

amd in tho s(‘oond altornaitiv** h> tho oipiation: 

2 Pintfin IK'l I N.i SOi Pic»liMn H S< U f 'N it ‘1 

In oth(‘r words, fr<an w'hait<*vor jM)int of \ u*w w<* nuM\ roj.!:air<l (ho 
pri'Cipitaition of protoins hy inorji^anit* salts, ais soon at ♦ wt* <‘\auniiu‘ 
olos<*I\ th(‘ <l(*taiils of tlu* proooss, it h<»(*oinf‘s indi >t ini»uish;d)h», h\ an\ 
oritt*rion w liioh wo at pios<*nt pc».s.sos.s, frtau a choniical n*a<*(ion, an<l it 
s<*<*ms to h<* (|nit<* iinfu*o<*ssairy toifi\<*nt at sptsaad h\ pot ho a * to ai<‘(*ount 
for this pairtioulair t\po of <*honnoad itsiotion, tlu* not*<l of which is not 
o\p<'riono<'<i in int<‘rpr(‘tinj; an> oth<*r t)f tho irnnu‘ns<‘ \airu‘(^\ of 
oal r<*a<'ti(>ns yu*ldin|j: pro(‘ipi(atos with winch w<* an* familiar 

It roniain.s, how'ovor, to a<*coaint for (lu* pocnliar rclatnut ‘hi|> of 
pr(»cipitatiiu>: power to tlu* vad<*no> of tlu* |)n*cipi(ji(inu: ion which let! 
to the (*Ial)<»ration of \Vlu*thainrs h\pothosi‘* Now thi . h\ |>t)t licsis, 
\vh(*n cair<*riill,\ <‘\annin(*<l, is .s<*<*n to consist in nothini^ moic than n 
rostait<*m(*n(, in t(‘nns<)f tlu* proh;il)iliti<*s of molocnlar eolli .a>n‘.. of the 
Guldberg and Waage Mass Law, whudi aippli<*s to atll clu*nii<*ad i(*actions. 
Ao<*ordinj; to this 1 jiw% tlu* rrlantt/ with which an\ ^i\on ch<*nncal 
roaiction proct'ods varu*s din*<*tl\ as tlu* aoti\(* mass<»s of catch of the 
n'aictinj* moleeiilos. In tlu*eas<* under e<»nsi(ler:it ion, presnmmu: thait at 
givt*n numl)(*r (r. //., one) of moleeulos of protein n»;iet wit h out* moleeiih* 
of a sailt of a inonovalont nu'tatl to form at <»onipound, t h(*n t w ie<* ai.s matny 
in()Io<‘ulos of tlu* protoin maty ho supposed to roatot with at mohsaih* of at 
sail! of at divalent inotal, amd throe tinH*s ais matny wdth at satlt of at tri val- 
ient metal. Assuming that tho a<*tivo mass of th(*oolh»i<l ttlu* molo<*u- 
lar oonoontration multiplied hy tho <logr<*o of <*Iootrol\ ti<* dissociattion} 
is tlu* saimo in oaioli of those oases (w'hioh is atlst) assunuxl in Whothainrs 
theory) and o<imil to A, oalling tlu* hiitml vvhritioi of tlu* r<*sp<*otiv<* 
roai<*ti()ns Vi, V 2 and Vs and tho oonoont rat ions of tho nmno-, <li-, aiul 
trivalont ions <‘i, <*2 and <•» wo have: 

vi ih ttroporliouiil (o A*i'i 
V2 IH proiKirt ioniil to A*<‘a 
vt it) iiroporiioual to 
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whence it follows that if Vi = Va = V3 and the velocity-constants of 
the three reactions are equal (which is also assumed in Whetham’s 
hypothesis) : 


Cl ^ Cx . £1 
Cl ' C 2 ' Ca 


A : A* 


and 


Cl’ 


■“ and 
C 2 


Cs 


i, the dilutions of the mono-, di-, and trivalent ions at which combina- 
tion proceeds with equal velocity are related to one another in the 
same way. Now in the experiments described above, ^ is defined as 
Px, the precipitating-power of the salt, hence: 

Pi . pj : pj = 1 : A : A^ 

which is exactly the relation deduced by Whetham. The experimental 
relations found by Schultz, Under and Picton, Hardy and others are, 
therefore, just as explicable upon the assumption that the colloid reacts 
chemically with the precipitating ion as upon the assumption that the 
I^recipitating ion acts in a purely physical way through altering the 
electrical con<lition of the colloidal particles. The former view attrib- 
utes to the c*olloi<ls in general, and to the proteins in particular, no 
especial qualities which differentiate them from other chemical systems, 
while the latter view necessitates radical assumptions regarding the 
nature of colloidal solutions which have hitherto proved incapable of 
verification. 

It will be noticed, however, that the factor that determines the 
jirecipitating-powcr of a salt is the wlocify with which it combines 
with the ])rotein and not the final equilihrnutiv^hich is attained This 
is not surprising when we recollect, firstly, the enormous part phi\ed 
h.\ the vrluriiy of rhauyc in detenniniiig the final ])hysical condition 
of a colloid, and secondly, the method by which the “ prec'ipitating- 
])owers” of salts are measured. Liiuler and Picton, for example, 
measined the pre<*i])itating-poW'er of salt solutions by titration, running 
the solution of the salt into the solution of the colloid until precijutation 
just began to lie ])er(*eived. They e\])ressly state that unless the time 
occupied in the titration be kei>t apiiroximately the same, serious 
<leviations from the “valency rule” occur “As a quantity of coagu- 
lant insufficient to ]>roduce coagulation immediately, will do so in the 
course of time.” Under these conditions, what is actually measured is 
the coiK*entration of the precipitatmg-agont which is requisite to bring 
about a given degree of change (visible precipitation) within a given 
brief period, that is to say, a velocity and not an equilibrium. 

That protein, when it is precipitated by inorganic salts, actually 
enters into combination with them and carries down a portion of the 
precipitating salt has been shown in a variety of instances. The most 
exhaustive investigations of this character have been those of Galeotti, 
who has employed electro-chemical methods of measuring the concen- 
tration of individual ions in the solutions. By these means he has been 
able to show, for example, that when Egg Albumm is precipitated by 
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silv<>r nitnito, A^‘ jintl N()» * ions nrv rfmo\<Ml rn»iii tin* ;»ulntif»n nit<! 
])Tvcipi<at<Ml with <Iio proloin in t‘cpn\alon< proportion^; iiMitln r won! 
tli<‘ prot(*in ronil>iiH‘s with the* wholo molt*t‘nli* tif .ilv«T nitrafo t<i form 
an insolnhl<M*onipouml- It has also Imh'ii sho\Mi that ooppe^r snlpiiatr 
ooinl>iiu\s as a wholo with <‘ff^-aIlMnnin In form an in lohihh* <‘t»iMpouial, 
hot ill alkalino solutions in tho prrsonr^* <>1* an rsnn . . of tin* salt tlii^ 
pro<*i|)itato r<Mlissi>lv<‘s and tho allmmin imw hamd to ha\<' oomhuiod 
with an t‘\(vss of th<‘ ooppor* forming a stthfhlr cotnpotimh whilo tho 
alkali takos up tho oxi^oss of snlphurit* a<*id thu t fn*t‘. 

''riio vory nnportaut ohsorvation has niado h> Pauli that ahso- 
lutoly Electrolyte-free Egg Albumin, pri^panMl h\ pn»lt»n^»rd <HaI> .i ^ 
is not ionic (7. c.,<lo<‘snot <lrift inan <*lt‘ct ric field », and f hat undi*rtlie*e 
(‘ondit ions it is not proeipitahli* even hy heav> metals It is ho\\«'\er, 
(U)a(jufafrtl hy hijj!;lil> eon<*ent rate<l salts, in eorre .pomletiee with this 
it has been shown 1>.\ llohmann an<l nirs4‘hstein that tin* amount «>r 
silvi»r nitrate* which will eomhim* with Casein t<» h»rm an in •oliihk* 
(‘ompouinl is <*\a<*tly (*(piivalent to tin* amount <»f ha <• ^Nat)!!) 
pr<‘viously eomhined with tin* <*as<*in, i e., t<i the immher f»r i ’( )I1N 
-linkaj^res tliat have* lH*e*n ope*iu*<l up and ioni/.<*d !»> union with .in inor- 
ganie* base*. 

Whe*!! W'e now turn from the* pheiionn*non of Precipitation to that of 
Coagulation we* ine‘t*t with epate* a dilV<*n*nt ;.<»rie . of r<*l;it ion Inp . 
Inste*a<l of the* Coagulative Power of salts he'int? de*tennmed piiniaiiK 
hy valency, we fiinl that spe*<*die ions of \ar\nijL* \al<*in‘ici ha\c lin;h 
eeiagulative peiw'ers W'hile* eithers ha\e* low eoaL;ul.it i\ e powt*r., .iinl 
tliese sp<*<‘ifu* r<*lationships are* rath<*r <*onstant for a wnl<* »<Tir . ol 
])roteiiis anel of othe*r eoiloiels. In eoa|»ulation, al'.<», hotli n»n . «»!* tin* 
eoa^^ulat in^ salt participate* in de»te*rminmf>; coaj^nlat i\ e* p<iwc*r, ;d(honL;li 
the*y act in ojiposite* se*iise*s, the e*atn»ns coa^^niat uil': and tin* jinions 
inhihitin^ coagulation, e»r e'lse* turr r<7.v</ ''Phu Pauli I’oiunl m 

c'gg-white* (in w'hie*h the* jiroti'in is e*Ie*e*tro-in*gati\ e*» tin* cation . of addc<| 
e*l<*<*trolyte*s are* the* ae‘tive* age'iits in in<lu<*ing eoagnl.it ion wlnh* tin* 
anieiiis inluhit e*e>agulation. In the* following tal)ie* of P.inli'^ tin* 
(*ati(>ns are* arraiige*d in ase'cnding orde‘r of pre*cipitatiiig pow4*r I'lom 
left te) right, while the anieins are* arrange*<l \(*rtn*allN, tin* weaU<*^l 
irihil>ite>r coining first anel the^ stronge*st last. A i | I iinhcate**. that 
the salt. wlue*h rt*sults frenn the umem e>r the* e*ation and anion can •*«*>, 


<‘C)agnlation of Egg Albumin, 

while a { 

) indi<*at<*.s that it do«*s not 
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When the protein is combined with acid^ however, or is electro- 
positive,^' the order of effectiveness of the different salts in bringing 
about coagulation is exactly the reverse of the order of effectiveness in 
bringing about the coagulation of protein combined with alkali elec- 
tro-negative") protein. The series is reversed in every respect; the 
anions now induce coagulation and the cations inhibit it. The anions 
coagulate in the order: 

CNS > I > Br > NOa > Cl > CHsCOO 
while the cations inhibit coagulation in the order: 

Li > Na > K > NH* > Mg 

We have seen that in order that Precipitation of a protein by salts 
may occair the protein must be ionized, but for Coagtilation this con- 
dition is not requisite. In determining the rate of precipitation the 
valency of the ]3recipitating ion is of prime importance ; in determining 
the rate of coagulation it is of comparatively subordinate importance. 
For ])rcci])itation very low concentrations of the precipitating salt 
suffice, intennediate concentrations frequently, and indeed usually 
redissolve the preci])itatc, and for coagulation high concentrations of 
the salt are rc<iuired. This latter fact, and the fact that the presence 
of coagulating salts aids coagulation by alcohol and by heat, suggests, 
as it did to llofmeister, that coagulation is dependent upon Dehydration 
of the ])rotein. 

Starting from the observation of Jones and Ota, that certain salts 
when dissolved in water produce an abnormal depression of the 
freezing-point, II. (' Jones and his pupils have built up a very large 
l)ody of evidence for the existence of hydrates (or solvates") of sub- 
staiu'cs in solution ''rhese investigators find that both ions and uiidis- 
so<*iat<‘<l molecules can form “solvates," and that these hydrates or 
“solvates" an* n^adily decomposed at temperatures which approach 
the b<»iling-]H>int of tlu' solvent, and by the presence of either agents in 
the solution which conqiete for the solvent- The determination of the 
(juantiiij of water boiiiul in this way by substances in aqueous solution, 
is fre<niently a iiuiltc*r of difficulty and uncertainty, but the existence 
of such “solvate" coinjiounds may he demonstrated in a variety of 
ways, although their (piantitative composition remains, in general, 
unknoAN n. A very striking ex])eriment which illustrates the formation 
of “ solvates" is that cited by Pickering. If a mixture of Propyl Alcohol 
and water be ])laced in a semipermeable vessel and surrounded with 
water, it is found that w^ater enters the cell, but that no propyl alcohol 
escapes. If, however, the same semipermeable vessel, containing the 
same mixture of propyl alcohol and water, be immersed in propyl 
alcohol, propyl alcohol enters the cell and water does not leave it. In 
other words, the vessel is permeable to either propyl alcohol or water 
when these are pure, but it is impermeable to mixtures of the two, the 
inference being that large molecular complexes are formed on mixing 
these I'eagents which cannot pass through the pores of the vessel. 
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From tln^so jiik! similar <‘\i)<*niiM‘!its Po\ntiiif^ <M)iu’lii<l 4 *s that <»sim»tii* 
piTSsmv is ail (‘\|)n\ssi()ii of the* diminution in tin* a<*ti\<* ina of tin* 
solvent <lue to tin* formation of <*oiiipouiuls with flu* diN*iti|\«‘cl suh- 
stain*(*. 

It is a familiar fa<*t to chemists that anh\<lrous Cobalt Chlonde 
is blue, but that on taking? up\vat<*r it b<*conn*s vioh*f or ri*<I. Ostvvahl 
b<*lieve(l that tin* uinlissociate<l <*obalt chloriih* inolci’ule is bhn*, while 
the (‘obalt ion is n*<k Sine<‘, however, the color of a com»<*nt rat(*4l 
solution of cobalt chlorich* <*an bt* 4*hanj;C4*4! rr4an pnrplish-r<*(l to bhn* 
by tin* addition 4)f relativ4*ly small amounts of calcium salts, or still 
sma]l(*r ainoimts of alimiinum (*hlori4l4*, or h\ t In* achlition of a f4*\\ driips 
of alcohol, it is more probable* that this (*hanK<‘ hi color is ihn* to eh'hy- 
<lration of the cobalt chloride nmh'cule in solufie)!!, b> the abstra<*tion 
of vvat<*r from it by tin* a<l<l4*4l substain*4*. Similarly tin* pro^r4*sMV<* 
charij>:e in <*olor of Cupric Chloride solutions, from bhn* to ^rn*t*nisli-bro\\ n, 
on <*onc4*ntration or dehydration is attnbut4*4l to tin* loss of \va(4*r on tin* 
part of <*upric <*hIori<le wat(*r-comph*\<‘s. <». N, L(*wis finds that if 
various bromi<h*s be a<ld4*d to <*oii<*entrat(*4l solntifuis of Cupric Bromide 
tin* <*opp(*r salt is <l<‘h\ drat<*<l (turnc<l br4)wn) by tin* salts of nnmo- 
-^alent nu'tals in tin* oreh'r* Li> Xa^- NIli^* K- I>i\ah‘nt nn*fals 
<l(*hydrat<* more* stron^l.N , tin* ord(‘r b<*m^ ^ a . • Sr> Ha, wluh* 

trival(*nt nn*tals (Al) a<*t still more* <*n<*rjL(4*ti<*all\ 'I'ln* n*s<*nd)lam*<* 
l)etw<*(*ii tin* ord<*r of <*ir<»ctiv<*in‘ss 4>f tin* niouovaI<*nt iin*tals in df‘h\- 
elratmjjc cupric bromide* anel the*ir e>rele*r e)r e*(re*e*t i\ <*in»ss in <*oa^ulatui^ 
“elee*tre)-iie*gative*” prote*in is ve*ry e*\iele*nt. 

^riie pe*cuhar intere‘st teithe bie»le)pe*al cln*niist of tin* pos^ihihts thus 
indie*ate'd, that sul)stane‘e*s ehsse)lv4*<l in wate'r form loose* coinbinat n»ns 
with tin* solve*nt, lie's in the* e*spe*cial significance* of water iii relation to 
the* pre)te*in ami poI\ pe*ptnle* strue*ture 1 >e*h\ drat ion of a pnite'in uia\ 
re'sult in eaic or more* eif the* following s<*ne*s of redactions 
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PEECIPITATION OF PROTEINS BY INORGANIC SALTS 183 


and h 3 ’’<lration, of course, may result in the reversion of this series of 
changes. 

That proteins may be thrown out of solution in two very different 
conditions of hj^dration is very clearly shown by the following experi- 
ments: 

Anhydrous Casein dissolves readily in cold anhydrous Formic Acid; 
still more readily in hot formic acid. If, to a 2 per cent solution of 
casein in formic acid, we add a fairly concentrated solution of Cupric 
Chloride, the mixture is at first green, indicating the presence of lower 
hydrates of ciii)ric chloride, but on adding more of the solution it 
becomes blue, and simultaneously with the appearance of a pure blue 
color, but not before, precipitation of cupric caseinate occurs. If, 
to f) cc of a 2 ]3er cent solution of casein in formic acid, we add IJ, 2 
or 2^] cc of a saturated solution of cupric chloride, no precipitation of 
tlic caseinate oc(*urs, but on diluting this mixture with water a pre- 
cipitate results, and the appearance of this precipitate coincides with 
the attainment of a clear blue color on the part of the mixture. 

About () <*c of water are required to produce a permanent precipitate. 
Tliis precipitate redissolves on heating, and the ^nurture siimdtanecmsly 
hvcomen green, on cooling the blue color reappears and with it the 
])recipitate. If formic acid be added to the mixture the precipitate 
rc'dissolves as soon as the mixture becomes green If the precipitate 
be very slight it will redissolve on adding alcohol It cannot be urged 
that the formation of cupric caseinate requires the i>resence of more 
(ni])rK‘ ions than arc present in green solutions, because green solutions 
of cupric chloride contain an abundance of ions, and casein will react 
with very small amounts of metal ions, for although it is itself insolulde 
it will drive carbonic* acid out of the sparingly soluble calcium c*arbonate 
to fonn a fr(*ely soluble caseinate of cahuum 

If inst(‘ad of adding irafer to a mixture of 5 cc of 2 per cent casein 
in fonmc acid and 2 c(* of saturated cupric chloride, we add alcohol, 
no coagulation occurs until the mixture changes in color from green 
to brown, when a Goagulum of cupric caseinate is produced which 
re<lissolv<‘S on a<ldiiig water 

Similar rc^sults arc obtained when a 2-molecular solution of Cobalt 
Chloride is employed iiistea<l of a saturated solution of cupric chloride. 
If to 5 c(* of a 2 per cent solution of casein in formic acid we add 2 to 
:> (*(* of this cobalt chloride solution, we obtain a blue-purple mixture 
On adding water to this mixture it changes in color from blue-purple, 
through red-purple to clear pink. Not until a pure pink color is 
obtained does a precipitate result. If, instead of adding water, we 
add a considerable volume of alcohol (10 volumes) the mixture rather 
abruptly changes to a clear pale blue, and then, but not before, we 
obtain a coagulum of cobalt caseinate. 

Electro-negative casein (i. e., casein dissolved in alkalies) is not 
precipitated by the salts of the alkalies, although it is readily precipi- 
tated by salts of the alkaline earths. Electro-positive casein (i. e,. 
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c'iistMii <lissolvo<l in a<*i<ls) is, In)\vnvt‘r, \cvy rra<ni\ pn‘fi|>itnt<‘<l l)^\ 
salts, and Ihnso j)riM‘i|)itat<*s ixrc no< soluhU' upon <ninti(»n. 'Plnis if 
12 <*<‘ of tontli normal hy<lro(*ldori<* a<*i<! I)<‘ adiii^l lo o <*<• <il' a I per (H*nt 
solution of <‘asoin in O.OOS N. p(»tassiiiin h.\<lro\nh‘, n <*l«»ar, acid .soIiiti<»n 
of casoin n'snlts. 'riic oas(‘in is preripitatnd from this .solution tho 
addition of 4 droi)s of a saturatc<l solution <»f sodium <*hlorido, or hy 
I dro]) of a saturatod solution of annuoniutn sulphate*, ''rins Iatt<*r 
l)ro<*ipitato does not dissolve on ililntiiif? the mixture to one-si\t(*(‘nth. 

Casein Formate affords no exe<*ption to tlu‘ ruh* that .salts of <»a.s<»in 
with aehlsaro pr<vipital)Io. by relatively small eone<*ntra turns of neutral 
salts, but tho prvcipitatUm. will imly oevnr ht fhr pnwrnrr ttf a nitfftnrttry 
of mitar. If to 5 e<‘ of a 2 per <*ent solution of <‘as<*in in formic* aeid 
we add a saturated solution of ammonium sulphate, .*> ee of this solu- 
tion just sufliee to i>rodu(*e a <*t)aguhnn, this be<‘onu*s more abundant 
on adding water, an<l redissolvc^s on a<!<Hng fonnie aeid. If, b<A\<*v<*r, 
instead of adding .*{ we add 2 e<* of the saturated ammonium sulphate* 
solution, a (*lear solution is obtaineeL On mUintj mttvr U» this n prr- 
ci'pitate rVnSulLs which rcdisnsol vt\s on licatinti and nsvppcats on roohntj. 

Analogous results may b<* obtained with Ovomucoid. 

It is clear, therefore, that protein may l)e thrown out of solution 
by ele<*trolytes in two grades of hydration, tin* one* of high, tin* ot ln‘r of 
very low ll.^dration. ^Pln* form<‘r process is what w<* lia\<* t<*rim‘d 
Precipitation, the latt<*r we !iav<* <!(*fine<i as Coagulation. At gra<h*s of 
hydration iiitennediatc betw'<*(*n these (*xtr<*nn*s tin* prot<*in ma> be* 
sohilile. IMiyelration, partial or <*e)mpl<*t(*, l(*a<ling tei re*.sohiti()n e>r te> 
coagulatiem, may lx* iiidue*eel by ln*at, b> ne>n-<»le*(‘trol\ tes possc'ssing 
an affinity for water eir by <*e>ne<*ntrale*el <»le*e»trol;v te*s. 

"rin* importance* e)f a liigb el(*gre*e e>f <leb> eiration in the* prodin-lion of 
Coagula, irresi.stibly siigg(*.sts that this ])he*ne>nn‘non is d<*|><*n<h*Mt upon 
the* feirmation of a nhydrieleis, analogous te) the* Diketopiperazimxs whicli 
may be fonn(*el from the aniinei-aeids anel polype‘ptnle*s b\ <lrli\- 
elrating agents, ami of the general fe>rinula 
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Such lx)dies may exist eitlu'r in tin* Keto-form, illustrate*el by tin* 
abe>ve feirmula*, or in the oned-femn, such as: 
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Coagulation by mineral salts appears invariably to be accompanied 
or preceded by chemical interaction of the coagulating salt and the 
protein salt of an acid or base which preexisted in solution before 
the coagulant was added. The coagulated protein in these instances, 
therefore, does not represent the unaltered protein salt as it existed 
in solution before the coagulant was added. When Alcohol is used as 
the coagulant, however, it is found, at least in the case of the Casemates 
of the Alkaline Earths, that the protein salt as such is coagulated, 
carrying down with it the amount of mineral base with which it was 
combined before the coagulant was employed, so that, after washing 
out the alcohol with ether, and absorbing the ether by desiccation over 
sulphuric acid, calcium caseinate is obtained in the form of a dry 
powder which is soluble in water, whereas free casein is insoluble in 
water. If coagulation by alcohol is attributable to dehj^dration of the 
protein, the elements of water must be contributed chiefly by the 
interaction of free amino- and carboxyl-groups with the formation of 
ring-anhydrides, and that this should be possible without disintegration 
of the compounds with bases affords another indication that free 
carboxyl-groui)s arc not responsible for the union of proteins with bases. 
The same considerations probably will be found to apply to the 
coagulation by alcohol of the compounds of proteins with acids, but as 
yet these compounds have not been so thoroughly investigated from 
this standpoint as the compounds of proteins with bases. 

COMPOUNDS OF PROTEINS WITH OTHER PROTEINS. 

Wlien the Protamines, which, it will be recollected, are strongly basic 
proteins, arc addc<l to weakly alkaline solutions of other proteins, 
precipitates are formed whicli consist of com])oiiiids of the protamine 
and other ])rotciii etn])Ioycd. These comixninds, once formed, are 
tolerably stable, an<lwhen ])rccautions arc taken to prevent admixture 
with <‘x<*css of protamine they arc found to be of very constant coin- 
l)osition. These compounds were investigated by Hunter, who found 
that while crystallized egg-albumin, casein, hemi-elastin, gelatin, 
cdcstin, heteroalbiimcjse, ]>rotalbumose, “ alkali albuminate” and 
histone sul])hate yield a precipitate in alkaline solutions upon the 
adilition of the protamine Clupeine, elastin-peptonc, deiiteroall)innoi*e, 
histopeptonci and several jicpthles fail to yield a precipitate. On 
digestion of these ]>recipitates with Pepsin the protamine is set free, 
since the protamines are indigestible by pepsin and the remainder of 
the compound is converted into proteoses and peptones. 

The coin]:)ound of Clupeme with casein contains G per cent of the 
protamine while the compound with hemoglobin contains 5 per cent 
of protamine. The compound of Salmine with edestin contains 
about 10 per cent of the protamine. 

When Globin and Caaein are mixed in faintly acid solution a precipi- 
tate of globin caseinate is formed which is soluble in excess of acid 
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or in <lilntc nlknlirs. 'PIu' jnvcipitnto proiliiroil 1»> a(liiii\<uro of ati 
0 \<*<‘ss ot* ^lohiii with Mxliuin cas^Miialt* in solution <*ontaiii‘i aluait IWS) 
pcT (*<‘111 of (•as<‘iii. A <*(»nipouial of j 4 :l<*l>in with «loulrroall»uinoM* has 
also pn'pansl hy < 1^. Sohmidt. 

Thymu^-histone <*onil)iiH*s with Hemoglobin, a<'(‘tn*<linj 4 ; to af I ^ji^las, 
ill the proportion of I part of thynius-his(<»n<* to li of lioinoj^Iohin. 
and W'ith <*as<‘in to form a <*onipound oontainin^ about :it» per <'<*nt of 
histono. 

A piirtiiMilarly intm»stin|i: compound protein is the Hemoglobin 
Caseinate w'hi<*h has b<‘t‘n pr<'par<‘<! by af Tji^tjlas. ^I'o a solution of 
eas(‘in in alkali an (‘xci'ssof hy<lro<*hlon<* a<a<l is a<l(h‘d until tin* precipi- 
tat(‘ of friM' eas<‘in w'hieh is at lirst forintMl is redissoh e<l. 'Tin* cas<»in 
hy<Iro(*hlori<h* is pre<'ipita(<*d from this solution b\ tlu^ adilition of 
so<liutn (‘bloride, and tin* pr<*<apitat<* n*dissol\ed and repn*cipitate<l 
until tin* washings from the preeipitatt* an* p<*rr<*etl\ ia*ulrak A 
solution of this sul)stan<‘(* ad<led to an <‘\<m\ss of a solution (»f ln‘nio- 
}j;Iobin |)trodu(*<*s a pn*<*ipitat<* <M»ntainiiij 4 dd p<*re(‘nt <»f casein and alaait 
(>(> per <‘<‘nt of Ii(*inoi»;lobin. 'Pile <*ommonly a<M'ej>ted inoletailar 
\vt*i^hl of h(*mo^lobm, ori^inallx <l<Mhn’<Ml from its conti-iit of iron, 
and now' <'oiilinn<*d b\ a \arn‘t\ of nn*asurements, i*. about lt»,7t)t). 
din* minimal mol<‘<‘ular w*<‘i/;;ht of cas<»in. <*al(‘ulatcd from tin* minimal 
(juantity of an alkali whi<*h will just <*arry it int(» solution (sis* p Itiil) 
is SSt)() It s<‘<*ms <*M(h*nt, tln‘r<*fon*, that cas<*m and hcmot»lobin 
(*om)>im* ^^lth oia* anotlu*r m moh*<*ular pioportions If tin* same is 
true* of tin* compmmds of tin* \arious Protamines with such pn»t<*ms as 
cas(*in and lH*inoglobin, tin* low' proportion of jirotaminc which is 
pres(*nt in tlii'sc* <*on)pounds wouhl iinhcati* t hat t he piotamiin*s p<> ^scs-, 
inoh'cidar W(*i^^hts in tin* in*i^hborhood of SOt); much low<*r, that is, 
than tin* wi*i;>hts of tin* majority of prot(*in nn>h*cuh*s d his <M»rn*“ 
sponds with tln*ir l<*ss colloidal charactt*r, tin* «M)m|)ouinl of Salmino 
W'ltii siil|>linri<* a<’i<b for <*\amph*, h(*iiij» dilfiisihlc throiinh parclmn*nt- 
])apcr, and with tin* n*lati\ cly r<*w' ainino-ai'ids thc\ \ n*ld on h\ drol\ si 
r(*miinhn^ one of tin* |H*ptoin*s ratln*r than of (In* more* bulk\ and 
<*oinpl(*\ native pr()t<*ins 

From a \ari<*ty of oI)S(*rva(ions it app(*ars <*\(r<*nn*Iy prohahh* that 
many of lln* protein <*onstituents \vhi<‘h ma,\ he is<ilat(*d rn»m tin* 
various tissui*s and tissn<*-flui<ls <lo not pn*(*\ist tln*r<*, hut n*pn*sent 
fra<*ti()iis split olV hy <*h<*inieal proe<*dur<*s from complex <*ompouinls of 
proteins witli proteins which ar<* pr<'s<‘iit in tin* (issm* or (issin'-llmd. 
Thus, \V. B. Hardy has pointed out that in un1reat(*<l Blood-serum no 
proteins exist w'hi(*h wander in an elc*etri<*al (iehl, hut as soon as tin* 
serum is a.eidifi(*d with acetic aei<l a cloud appears, which is din* 
to partial precipitation of ''Insoluble” Serum-globulin (tin* ^lolailin- 
rra(*tion of serum which is insoluble in distilled water). On passing 
a current tIir()Ufj;li this mixtnn* the cloud moves over to the amah*. If 
the serum lx* dial,\wd until all of the sennn-KlohuIin has l)(*<‘n pr<»<*ipi- 
tat<*d tlui remaining protein is now fouinl to ho eomplot<*ly ionic and is 
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l)rec*ii)itate(l, on passing a c-urreiit, at the anode. Dialysis, therefore, 
or acidification of l)lood-scTinn evidently accomplishes the detachment 
of a fni<*tion ("‘insoluble” serinu-ijflolnilin) from the protein-complex 
which preexists in untreatc'd sc'runi. This fraction is electrically 
dissociated and so is the remainder from which it is split off, but the 
original protcln-complex is not dissociated at all. 

Moreover, as Ilanly has also pointed out, the globulin which we 
se]nirate by dialysis or by acidification and dilution from blood serum 
possc*ssc\s very dilVcTcnt physi<‘al cliaracteristics from any which are 
displayed by the ])roteins in unmodified blood-serum. In Hardy’s 
words: “The globiilin-fra(‘tion lias an abiding characteristic. In all 
its solutions its molecular state is so gross as to cause the molecules to be 
arrestc'd by a porous ])ot Thc\\ will not pass such a filter even under 
pressure. In tins it is sharply distinc*t from the parent serum-protein, 
whidi is rc'adily filtrabk' If globidin be ])resent as sucli in serum it is 
not only non-ionic, but the agent whicli <lissoi s it must be something 
more than alkali and salt, sin<‘e either alone or togethcT thc^y will not 
produce so high a grade of solution. 

“''rhe diflerence i'n the* mok*cular grade of globulin when once 
sc'iiarated, and the ekH*trical homogeneity of serum-])rotein and of the 
fraction (still capable of further sulxlivision l\\ salting-oiit) which 
rciiiains after the alkaline globulin fraction whic*h most rtiidily appears, 
has b<*eii removed, suggests that serinn-i)rotc'in is a coin]>k*\ unit. If 
siicli a unit exists it is not saturatcil witli globulin. Fresh ox-serum has 
an extraordinary i)oW(*r of dissolving globulin, it will take u\y almost 
its own voluuK* of tlu* thick cake at tin* bottom of a <*entiifiige tube, 
and in o\-s<iiim so saturat<*d tluix* is not a trace of alkali-globulin nor 
of any loiiic protein 

'^I''he pheiionu'na obs('r\ <»d by IlardN a])[)(*ar to admit of interpretation 
by the view that tin* prot<‘ui-compk*x m serum is formed b.\ the union 
of a numb(‘r of alkah-prot<in couiponn<ls, the iimon taking pla(*e in a 
maimer analogous to tliat w hich o<*curs betwci‘n j)rotcins and morgaiiic 
sa Ks, prohMii -a<*id or prot<in-basc* com])ounds in tliis instance taking 
th<* plac(* of tin* inoiganu* salts M'he soluble compounds which are 
thus foruKil an* non-ionic, as evidenced hv lack of motion In an 
<*k‘<*1 lical fkdd. 

It has b(*en sugg(‘sted that the* tissues and tissiK*-fluids of the various 
sp(*<*ies of the animal kingdom may owe their specific and individual 
<*haracter to a charact(*ristic structure of the protein-complexes which 
they contain. We shall have occasion to revert to this possibility in 
a subs<*(iuent <*ha.pter (Chapter XIV). 

RACEMIZEID PROTEINS. 

It has been shown by Kossel and by Dakin that if proteins are 
dissolved in moderately concentrated (half-normal) alkali and the 
solutions are allowed to stand at 37® C., their optical rotatory power 
progressively falls, whik* subsequent hydrolysis of the protein yields 
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n proportion of optioijlly or “ nic-oinizod" ainino-ucifis. 'I'liis 

is ii.( trihiHod l>y l>akin lo an intrriial ra(M‘ini/.af ion or, iiion* , 

“ (‘nolization” of (li<‘ pro<(*in inoloculi*. 
li is <‘Irar tliaf in Iht^ <‘onipoun<i: 

Niio<* - 

i 

u i'll I'inis 

tlu' <'arl)on atom whicli is (nstinf>:uislH‘<! l).v an ast<Tisk must, as4i rulo, 
l)<‘ optically a<‘liv<', ft)r it is atta<*!H*<l to four c!illVn*nt atoini<‘ ^naips. 
If, however, the hydrof^eii atom whieli is ut(aelu‘<I to this earlxui 
]>ass<'s over to tlie oxygen in the atljat*ent <‘arl>o\\l Krotip, tlusi the 
<'a.rl>on must ))eeom<" optaadly inaetive, for it is now unite<l to the 
a<ljae<»nt earhon I)y a dotihle linkaj'e: 

NMlo<* Nina* 

I . - ► i 

iu'h <'oiin in* (*(oiijUN 

anil lh(‘ ainino-aeiil ol>taine<l after split ting of this I’ompou ml hy h\iIroly- 
sis W'ouhl also l>e optically inaetivi*. 'Phis type of enoli/ation must 
ht* sharply ilistiiiguished from the luiolization which, w c ha\ e supposc^d. 
underlies and enables tin* neutralization of bases by proteins, 'Phe 
two eiiol forms may be eompariMl in the following formuhe 
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forni whi(*h vve Ixdieve lo be normally eon<*<»rne<l in (hi' neutrali- 
zation of (dilute) bases is (hat repri'sented by forinuia I, but by jiass- 
ing through the intermediate stage repri'sented b,\ formula II tlie 
alti'rnativi' I'liol form HI may hi' attaineil It app<*ars that form III 
is mon* stable than form I, so that in fairly (‘oneimt rated alkali (here 
is a progressivi* transili(»n from form I to form I II, and (hi' change, 
once accomplished, is irr('\ ersible. 

Not all of tlu' ('IK'OIIN groujjs in protean are raeemized b,\ 
this treatment, and those* w'hiidi an* renden*d optically inaetivi* are 
not raeemized wath eijual speed. This fact lias b<*en aj>ph<‘<l by 
Dakin and Woodman to tlie investigation of the dilVerenees in the 
amino-acid architecture of various proteins. Obviously, two proteins 
might resemble onij another in the amino-aidds W'hieh they contain 
and even in the relative proportion of tluise a<*ids to one another, hut 
they might diiVer fundamentally in the arrmmvmcnt of the nmino-aeid 
radicals, and these dillVa'eiu*<5s of arningemimt might be <5xpi*(*t<*d to 
aHe(‘t tlic relative eus<^ with whi<*h tlie <*onstituent aeiils may be 
raeemized. 

In this w*ay it has been found that the Casein derived from eow'’s 
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milk is not identical with that derived from sheep's milk. Similarly 
the aU)umins from the Eggs of the duck and the hen have been shown 
not to be identical. This is confirmed by biological tests, for animals 
previously sensitized by a small dose of hen's-egg albumin are not 
affected l)y a subsequent dose of duck's-egg albumin^ although hen's- 
egg albumin gives rise to the usual symptoms of Anaphylactic Shock. 
Moreover, the Precipitin for hen's-egg albumin is not identical with the 
precipitin ft)r duck's-egg albumin. 

On the other hand, it has been shown by this method that the 
globulin which occurs abundantly in Coloaftrum, or the earliest secretion 
of the mammary gland, is identical with serum globulin, while the 
albumin (Lactalbumin) which accompanies it is not identical wth the 
albumin of blood serum. When normal lactation has become estab- 
lished the globulin disappears, its place being taken by casein, and 
the lactalbumin remains. In normal Milk, therefore, both protein 
constituents are synthesized by the mammary glands. 

Blood-seruzn is generally believed to contain at least two different 
globulins, namely, Euglobulm (or “insoluble globulin"), which is insolu- 
ble in distilled water and may be precipitated by dialysis, and Pseudo- 
globulin, which remains in solution after dialysis. So far as the effects 
of racetnization are (*ouccrned, however, these two proteins appear to 
be identical. According to Quinan and Chick, the euglobulin differs 
from ])sciidoglobiilin m being associated with lipoid substances which 
modify its solubilities. 
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(MIAI*TKU IX. 


TIIK Nl’n.KK’ ACIDS AND TIIK. NITiaxJKNOrs BASKS. 

THE DECOMPOSITION--PRODUCTS OP THE NUCLEIC ACIDS. 

M'iik ini<*h‘ic ixi^^ f(»rin tli<* pr<>stlu‘<i<‘ group in un iiuportant sorirs 
»)!* <‘oiijugut(*<l t!u‘ Nucleoproteins. "I'liost* suhst3in<*os usually, 

but not invariabls , <><‘cur in nu<*l€*ar tissue's aiul may l>«‘ prc'oipitatt'*! 
i'roiu tissue (‘\traots I)y acMelincaliun with aoe'tic a<a<i» in <*\c<'ss of 
wbioli tboy do not dissolve, niadc'oprotoins <iissoI\«‘, ho%\<'V<‘r, 

in <lihit<' miiHTal aciels aiul in elilntc* alkalu's; tlioN art' not soluble' in 
distilh'd \vat<*r. (\*rtain uu<*l<'oproti‘iiis <I(‘signat<‘<l tlu' /i-Nucleopro- 
teins, how<*\<'r, an* soluble in boiling wat(‘r ami an* <'\t ra<‘t<*<l from 
tissue's ill this maniu'r, le'a\ing tlu* otlu'r tissue' proti'ins in the' feu-ni of 
e'oagula in the' insoluble' re'sidue'; the' /:t-nu<*Ie'e>pre>t e'lns are' also pre*- 
e'i]>itabh' b\ ae'e'tie* ae'iel. 

Whe'ii the' alkali e'eanpounel eif a nue-Ie‘e)pre>te'iu, eiissoKe'il in \\ate*i*, 
IS he'ate'el, a portiem e»f the' prote'in is split eilV in a e’oagiilate'd fen'iii, 
\\hil<' the' re'sidue* e)f the* me»Ie*e*ule', \\liie*h still eeaitauis prote'in but is 
iiuie'h ne'he'r in plieisplieiriis than the* eaiginal nue'le'ojireite'in, re'inaiiis 
in seilutieiii A similar ch'aNage' is breaight about b.\ the* Pepsin in 
gastne* juice', winch ehge*sts the* preite'iii frae'tie>u which is split edV freaii 
the* nue'h'oprote'in, but h'ase's a re'siehie' unehge'ste*<l whie*h still e’emtams 
[)re>te'in unite'el to nuch'ic aciel. I’liis re'sidue* is ih'signate'il Nuclein. 

Bv nie'aiis of more* inte'iise' h\elre>l\sis with alkali the* nue'h'ins are' 
split Ilf) into firoelue’ts of prote'in h\elrol\sis and the* alkali ^alts of 
the* nue*le*ic aciels, ddie'se* salts nia,\ be* pie*<'ij)itate'<l from e-one e'lit rate'el 
solutions b\ the' aelehtieui of alce>he>l 

I peai li\ elre)l,N sis with ae'iels all of t he* luich'ic aciels \ le'hl t hre'e' w lele'Iv 
ehlVe*riiig groufis of proelue-ts In the* first f>Iae*e* i>he»sphorie* .i<*iel is an 
e'Sse'iitial e'oiist it ue'iit e>f t he* iiiole'e'iile', ses'eiiieilN , a carboli\ dra te* raelie'al, 
whie'li iiia\ he* e'ltlu'r a fX'iitose* or a h<*\e)s(*, ami thirdl\,a nit reige'iioiis 
base* be'longiiig to the* greiiij) of Purme Bases or to the' <'lose'l\ alhe'el 
group e)f Pynnueime Bases. 

'’riu* Carbohydrate radical elilVe*rs e'sse*iitiaily in nuch'ic aciels of elilVe're'iit 
origin. Ill all of the* filant-mie'h'ie* ae'iels wlne'h have* be'e'ii in\ e*sl igate'el, 
the* <'arl>oh,\’< Irate* raelie'al has bce'ii founel to he* a fie'iiteise*, d-rihose': 
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whic*h, until its discovery among the decomposition products of nucleic 
acids, was unknown in nature. It is now not only recognized as the 
carbohydrate radical of plant nucleic acid, but also regarded as the 
only pentose which normally occurs in amitial tissues. In two nucleic 
a<*ids found in annual tissues, but possibly traceable to a vegetable 
origin, namely, Inosinic Acid and Guanylic Acid, d-ribose also constitutes 
tlKi carbohydrates radical, but the nucleic acid which is most charac- 
teristic of animal tissues, Thymus Nucleic Acid, so called because of 
the circumstance that it was first prci^ared in a pure condition from 
the tissues of the thymus, yields Levulixuc Acid on hydrolysis by acids. 
Now levulinic acid, or /^?-acctyl propionic acid: 

is forme<l when Hexoses are boiled with mineral acids, Formic Acid 
being ])rodiic*ed at the same time: 

CulhiOa = CbJUh + HCOOH + Hs>0 

In the hy<lrolysis of thymus nucleic acid by mineral acids, formic 
a(*id is produced as well as levulinic acid. It is evident, therefore, 
that both of those prodiu'ts arc derived from a Hexose radical in the 
iiu(*leic* acid and confirmation of this inference is supplied by the fact 
that on oxidation of thymus nucleic acid with nitric acid, Saccharic 
Acid IS included among the products, and saccharic acid must have a 
hexose ])recursor: 

+ 'Mh * 2f\HioOs + 2H»0 

Among the Nitrogenous Bases wliicii result from the acid hydrolysis 
of luiclcic acids, Guanme and Adenine, which are Purine Bases, are 
found 111 both animal and plant nucleic acids, but among the Pyrimidine 
Bases whicii arc yieided by the two elasses of nucleic acid there is a 
diircrciicc, for while both types of nucleic acid yield Cytosme, the animal 
iiiicleie acid (“thyinus nucleic acid”) yields Thymine, and vegetable 
iiiK'lcic acid yields Uracil. 

The p> riiiiidiiic bases arc heterocyclic compounds which are dis- 
tingiiishc<l by the jxjssession of the following nucleus. 





Pyrimidine itself has the formula: 

N=^H 

j 


HC CH 




NlH'l.KK' .U7/>.S' ASH TUH MTlitHiKStU'S HAStiS 

It. <l<><‘s iKit occur ninoii}!; (lie (iccoiii posit ion pro<iu«'(s of (li<* nuci<‘i<> 
jwiils. Its !itiv<‘s Uracil, Cytosine and Thymine have the followin^r 
fonnulu*; 
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rni<*il is <lio\\ p^v riinidiiH*, ry tosinr is 3 muno-o\> p.vri}iii<liiu‘ 

ihyiniiHMS in<‘ih.vlnrsi<‘il. <\vt<>siiH* is transfoniHNl into nracal l>y 
llio action of nitrous aci<i. 

Ka<*li of lln\s<‘ })as<\s has l)C(»n prepared s;\ nth('tieall>* , tln^y an^ 
kiio^vn to o(‘<'nr in r»atnre, ho\vev«‘r, only as decomposition products 
<l(*rived from nn<*Icie a<*i<ls by hydrolysis. 'rhe\ arc s|>ann^I> soluble 
in <‘old \\at<*r, ituin* solubU* in hot \vat<‘r. < tosine <lissoI\ <\s in al<’oit(»l, 
ura<*il with dillienlty, and thyniine not at all. <\vtosirie ami thymim* 
ar(‘ pr<*<*ipitatcd by plmsphotnn^»stie acid. rra<*il is not. On In^atinij:, 
thyinuK* siiblinu's w itbcMit deeoinp<isition, uracil partly d(*c()Uipof,cs and 
])ar<ly sublinu's, wlul<‘ (\\ (osim* uml<Tj;o<‘s dc<*oinposition 

(\vtosine and uracil Weidel Reaction as foll(A\s 'To a small 

(juantity of solution <‘ldonn<» water is a<ldcd ami tin* ini\tur<* hoih‘<l 
''Plu* solution is c*\aporat<*d to dr\ n(*ss ami then (*\pos(»d w Inl<* waini 
to th<‘ vapors of ammonia. A pnrpl<‘-re<l color(l(‘\ <‘Iops. 'Plus reaction 
is frcMpicntly ref<‘mMl to as the Murexide Reaction Ix^causc it is <iuc to 
tli<‘ formation of Ammonium Purpurate, \n bicli was fornuu’ly b(*ln‘vc<l 
to b(' id(‘nti<‘al with the scarlet dye fouml in tin* mollusi* Murrr winch 
furnislic<l liu» “ purpU'” of th<‘ amdtmt Itomans ''Phis d><‘ has now, 
bowexer, bc<Mi found to be Dibrommdigo, a <leriN at i\<* of Indole, llial 
is, ami not in any \va\ n‘lat<sl to ammonium purpurate. An iiiter- 
nuMliat<‘ sta#^<' in the nmr<*\idt‘ n^aetion is tin* formation of Alloxan, 
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uml tli<? t<'st is only j^iven by su<*b siib 8 tam'<\s us <*an l>e ma<Io to yield 
allo'^an by oxidation. The mietion is therefore not iiifre<iuently 
ulhide<l to as tlu' Alloxan Reaction. Nitrie a<*icl may be us<hI in the 
place of chlorine as the oxi<liziiif!; agent. 

Cytosine and uracil also give Wbieeler and Johnson’s Reaction; To 
the solution of the substance bromine water is added drop by drop 
until a permanent cloudiness appears. Baryta water is then added> 
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wticn u puxpic or violet precipitate appears. The Purine Bases are 
foi-med Ijy the union of a pyrimidine nucleus with an Imiaasolyl radical: 


N= 



ire 

o 

-NHv 

II 



N- 


— 


Pun no 


N==CH 
HC CH 


HC NH. 




CH 


-CH 


Pynmidino 


HC 

Iminazole 


The purine bases which are obtained from the nucleic acids repre- 
sent only two members of a large group of substances which includes 
Uric Acid, CafEeine and Theobromine. For convenience of reference 
the carbon and nitrogen atoms in the central complex are often num- 
bered as follows: 



'ilie puriiic substances which arc most important from a physio- 
logical point of view arc Uric Acid, Xanthine, Guanine, Hypoxanthine 
and Adenine, while' Caffeine, Theobromine and Theophylline are also of 
iniportanc*e from a medical and dietetic point of view. Their structure 
is as follows: 


Uiic IS 

Xantlimci “ 

Chi.iriiTio “ 

J1 vpox.uithiiiu “ 

A<lt»niiio 

< \iIfoiiio 

'riicobioiniiio ** 

Tliooplivllmo “ 


2, 0 , 8 , tiioxypunno 
2. 0, dioxypurino 
2, ummo, 6, oxypunne 

0, oxvpunno 
am mop urine 

1, .i, 7, tiuncthyl, 2, (>, diovvimiine 
a, 7, dimethyl, 2, 6, clH>xypuiine 

1, a, thmothyl, 2, (>, dioxypuiinc 


Thus the rorniula for Guanine may be graphically represented: 
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while that of Adenine is as follows: 



Adeuizie 
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The puriiui has<\s arc all proripitablt* from nvul solutions h> plu>s- 
pbotunj^slir tiM or from aminoiiiaoal solutions hy silv<T nitrato. 
(Juanino is iiisolubU* in walcT* aI<‘oliol or <‘tluT, hut readily tiissoKes \u 
dilute^ a(*i<ls or alkali(‘S (with the <*x<*<»piion of ammonia). It dot^s 
noi|j;ivo VVeidc^rs r<‘a<*tion, hut with nitri<*a<'i<l it > i<‘hls, on evaporation, 
a yedlow n^sidm* svlu<*Ii turns hluisli-viohd on heatinjic witli sodium 
liy<lro\i<!e. With ehloriiu' \vat<T j^uaiiim* discomposes, yiehliiij^; Guani* 


dine, 

Parabanic Acid and earhon dioxule: 
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Fr(s(s jruanirus is fouml in the* s<*ali"s and s\vimminjiiC-hla<hl(‘r of fislu's. 
It also oeeurs oeeasionalI.\ in tin* form of <*<mer«‘ti<»ns in (h<s r<‘tinal 
(*pith<‘lium of iislu's and in tlu* joints of i»igs snfV<‘rin)i» from “^uanini‘ 
jjjout.” It forms an imi)i»rtant eonstitu<snt in th<‘ <s\<*r<‘in(‘nt <»f spiihsrs. 

(iiianims is h;vdrolyz(sd h,N an (sn/.ym<s, Guaxiaso, w lin h is fonial m a 
variety of tissues, parti<‘ularly those of tin* i)aner<sas ami thvinns (hut 
not tlie spl(s(*n). 'llu' produets are Xanthine and ammonia 
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Aihunne uii<l<*rp;o(*s an analogous ehang(s with th<* pnxlm tion of 
Hypoxanthine, hut tins <*n/«yme wlii<*li hririgs this ahoiit (Adonase) 
app<‘ars to h<* a dilVcuMuit 010^ from that W'hic’li ae<’oniplish(ss t lu* d<‘amini- 
zatiou of guaniiu', sine<‘ it o<*eurs in the sphsiui, from whi<*h guanas<s is 
absent - lienee when the tissues of the thymus or paiu'n'as ar<‘ allow <*<1 
to umU'rgo Autolysis, that is to say, spontaneous hydrolysis hy tludr 
own eir/ym(\s, the jmrines whieli are isolati'd from the* mixtun^ are 
the oxypurines, xanthine and Ijypoxanthims inst<‘a<l of tlu* amino- 
purines, guanine and adenine, wJiieh result from hydrolysis h,\ ac’hls. 

Adenine is sparingly solul)le in <-oI<l, hut readily sohihh* in hot water; 
it is nwlily sohihle in ueids aiul alkalies. Adenine do<*s not give 
Widdel’s readion. With nitric aei<l, on evaporation, it giv<‘s a lu^arly 
colorless residue which does not turn red or violet oti heating w'ith 
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alkali. With hydrochloric* acid and zinc and subsequent addition of 
alkali an adenine solution yields a ruby-red color which changes to a 
brownish tinge. Adcrtiinc has been obtained from certain pathological 
urines (leukemia) aiid it occurs in considerable amounts in tea-leaves. 


THE STBTTCTUBE OF THE NUCLEIC ACIDS. 

I'lie nucleic acid of yeast appears to be identical with the nucleic 
acid of tlie wheat-kernel, Tritico-nucleic Acid. It yields, on complete 
hydrolysis, two purine bases and two pyrimidine bases, namely, 
guanine, adenine, cytosine and uracil. 

When yeast nucleic acid is heated in neutral solutions under pressure 
to 175° C. it splits off i)hosphoric a<*id and yields four different Nucleo- 
sides, each (‘onsisting of a molecule of purine or pyrimidine base united 
to a molecule of d-ribosc. These nucleosides are the following: 


Goanosme 

Adenosme 

Cytddine 

Undine 


r6H.o, r.aNtO 

CiH,0, C4H4N»0 
CsHgO, C^HjNiOa 


It follows that in the undecomposed molecule of nucleic acid the 
purine and pyriimdinc bases must be attached directly to the d-ribose 
molecules. The nucleosides <lo not reduce Feblmg’s Solution, and 
hence the carbohydrate radical must be united to the basic radical in 
such a way as to involve destruction of the actual or potential aldehyde 
structure of the sugar; in other words, these compounds are analogous 
to the Glucosides. 

If, instc'ad of liy<lrolyzing nucleic acid with the aid of heat or inor- 
ganic catalyzers, we cm])loy extracts of various organs, such as the 
kiilncy, heart-muscle, liver, pancreas, or intestinal mucosa, or, if we 
employ blood-serum or liemolyzed blood, all of w'hich contain the 
enzyme Nuclease — tlic nucleic acid is split into four different Mono- 
nucleotids, each of which, on intense hydrolysis, yields phosphoric acid, 
a carbohydrate which in the case of yeast nucleic acid is d-ribose, and 
one of the four different purine and pyrimidine bases which the original 
molecule contained. The molecule of nucleic acid is, therefore, a 
Tetranucleotid, built up out of the union of four mononucleotid radicals. 

Two monoiiucleotids are known to occur in animal tissues They are 
Guanylic Acid, obtained by the partial hydrolysis of j8-nucleoproteins, 
those nucleoproteins which may be extracted from a variety of tissues 
by boiling water, and Inosinic Acid, which exists as such in meat extracts. 

When guanylic acid is completely hydrolyzed by mineral acids it 
yields phosphoric acid, d-ribose and guanine. It yields no other 
purine base and no pyrimidine bases. By means of hydrolj’sis in 
neutral water under pressure, phosphoric acid may be split off from 
this substance and Guanpsine or the nucleoside of guanine is produced. 
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/:^-Nucleoprotems art% ihcn^foro, c*c)imM>un<is of wltli tx 

nion<>nu<‘l(M>ti<i, wluir nontial or <v-Nucl6oprotein» aro rotnp<ain<ls 
(»r protein with a tc^tranucleotiil. 

Inosinic Acid is pn^pan^d from inc«t-extra<*ls l>y i’onxertin^ it into 
ilie harium sa.lt whicli is wry sparin^rly soluhh* in wati-r. On hytirol- 
ysis with a<*ids it yit'Ids phosphoru* arhl, d-rihosc* an<l Hypoxanthine 
in !n(»I<*<Milarly <‘<phvah*nt pr<»portions. It v\ill he r<*r<»ll<*et<Ml that 
hypoxanthine may h<' (hTiv<‘<l from a<l(‘nint* hy simp!<‘ ti<*amiiuzation: 
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so that inosinic a<‘i<i is a <hTi\ativ(^ of a siinph^ niononn<*leoti(i <*on- 
tainitifi: adimiiux "l'h<^ Tacd that, tlie iiH»nonncIeoti<ls in animal ti.ssncs 
yi(‘l<I <i-rihose on hydrolysis while tlu‘ t<‘tranucl<M»tid, Thymus Nucleic 
Acid, \\hi<‘h is chara<*t(Tisti<* of animal tissu<‘s, yields l<‘\nlini<* acid, 
whiidi must h<‘ <l<‘rive<l from a he\os<‘ radi<‘al, leails ns to infer that 
tin* mononucleotids which are found in animal tissues an* d(*ri\ed 
from u Nc^etahle sounx* and an* possibly not s> nt ln*siz<Ml hy animal 
tissues at all, hut fonn<‘<l hy partial h><lrolysis ami suhs<‘<pi<‘nt modi- 
lication of filant nucleic acids recei\e<l in tin* food. In confirmation 
of this \ ivw it has h<‘<*n fouml hy W. Jones that an a<pn‘ous (*\tract of 
Thymus contains (*n7Ani<*s which decomposi* \(*ast niH’liu*’ aiid into 
its <*onstitm‘nt mononu<’l<*oti<ls and furthm* <h‘composes t hes<‘ Aftci 
hoiliiifi: th<* <*\tract it still ndaiiis tin* po\\<*r of sphttinj* \east nm-huc 
acid into inononii<‘l<*otids hut loses the power of inducing furth<*r 
<h*coniposit ion. It is a v<t\ siig^^<\sli\<' fac^t that th<‘s<* cii/a !m*s are 
not ahl(* to similarly decompose nucleic acid of animal origin. 

H.\' \<*r\ careful !i,\ <Irolysis with a<*ids, interrupting the pnx <‘ss 
h<*fon‘ it is conipl<*t<‘, it is possible to split oil’ liNpoxanthim* from 
iiiosini(‘ and, heaving a <’omponn<l of phosphorii* a( id and p<*ntos(*. On 
th<‘ oth(*r liainl, hy ii(*ntral hy<lrol>sis iind<‘r pr(*ssur<x jiliosphoi i<* a<*i<I 
is si)lit off, l(*a\ing th<* p<*ntose eomhined with hyjioxanthim*. It is 
evi<l(Mit, th<‘r<‘fore, that in this inonomi<‘l(M>ti<l tin* earl)ohydrat<* ra<rK*al 
o<*nipi<*s a nii<l<ll(' position, linking togeth<*r tin* phosphoric a<*id on 
the one hand and the purine base on the other. ''Phis will he el(*ar from 
the following schema: 

hy iKMtOnl h.MlroI\.si.s 
ehoHphoruMK'id hypoMinthiiii^ 


by acid hyclrolysui 
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wc shull that tlu^ arraii^oincnt of the radicals in other mono- 
na(*I(M>ti<ls is probably of thtj same tyi)o. 

There are IhrtMj c*oiie(Mval)le arrangcinoiits of the three constituent 
radicals of Guanylic Acid. They are: 


o 


o 


o 


no- p— <>(',. irs()i(’r.H,M6< ). 

I 

on 

I 


(MUCh ()— l»--rir.HiN6C), 

i)H 

II 


rBH904.r)fiH3Nfi0--P— OH 


I 

OH 

III 


Of these thr<io iirrang<'incnts TI cannot be the one which actually occurs 
in guanylic acid, because on neutral hydrolysis under pressure it yields 
Guanosine, ( which would be impossible if, in tlie 
original inol(u*uIe, the carbohydrate and basic radicals were separated 
by the interposition of phosphoric acid. Either I or III must be the 
(!orrect formula. 

Now on comparing the rates at which phosphoric acid and guanine 
arc lil)eratcd from guanylic aci<l by acid hydrolysis, it is found that 
guaniiu^ is liberatc<l mucli more rapidly than phosphoric acid. This 
implies, of (‘oiirse, that during the progress of hydrolysis, while guanine 
is being split off, phosphoric acid is being held in combination with 
some other substance from which compound it is detached with relative 
difficulty. The only substance, guanine being excluded, with which 
the pliosi)horic aedd can he combined is d-ribose. It follows, there- 
fore, that phosphoric acid is attached to the molecule through the 
pentose I’aciical, and formula I must represent the actual arrangement 
of the groups in guanylic acid- The same reasoning applies to the 
adenine-urac*il dinuclcotid which may be split off from yeast nucleic 
acid by j)artial enzymatic hydrolysis. We infer, therefore, from tliese 
facts and from the general similarity of the various mononucleotids 
to one another that the arrangement of radicals in all of them is 
Phosphoric acid — carbohydrate — purine or pyrimidine. 

It remains to be considered how these mononucleotid radicals are 
united together to form the tetranucleotids characteristic, respectively, 
of vegetable and animal tissues. 

Three alternative possibilities exist, namely, (a) that the mono- 
nuclcotids are united to one another through their phosphoric acid 
groujis, so that the tetranucleotid would be a substituted polyphos- 
phoric acid. This was the view originally propounded by Kossel and 
has claimed very general acceptance until quite recentiy ; (fe) that the 
mononucleotids are united to one another through their carbohydrate 
radicals, and (c) that they are united to one another through their 
purine or pyrimidine radicals. Between the two latter alternatives 
it has not as yet proved possible to decide with certainty, but the 
first alternative, that the mononucleotids are united to one another 
through their phosphoric acid radicals is considered improbable for 
the following reasons: 



IlKS Ai^lDS ANl> TIIM iSf/TIHXffiXOfhS IiASi*JS 

nn<*l<Mc ari<! is known <o ronsisi of tlu* followiiif^ four inoim- 
im<*l<*o(i<ls. 

\ 

lie/ 

\i(iMnnc iiuMiofiui ItMttul 

no 

O I> 0(’Jh0.(MI.N O. 

n< > 

I *1 II tl iiioiiiiiiut Ifohli 

no 

o I* o<’an,Oi.<MnNio 

no 

< 'vtotiiir liiitiioniK li*ohtt 

no 

o P o(\.n,o.<Ml4M..o 

no 

C III iiiilii' iiiiiiiolitii li III III 


\V<* know, also, tlial (li(»s<‘ inonoinich'ol ids an* nnite^d lo on<‘ anotlu*r 
in tlip onl(‘r melicatiMl, for wluai y<‘ast acal is lical<Ml \\ii\\ 

annnonia it ii^lds ade^niiio-iiraoil dniu<*l<M)iid, so (hat tla* <‘oiis( it lUMit 
inononu<*hM)ti<ls of tliis sul)stan<*(* must l)c‘ iiin(<‘d togedhor in (ho 
unall<u*<'<l nucUdo acid inol<M*iiU' On (lu* other hand, wla^n can*full\ 
lu^ade^l with a(‘i<ls, ,v<*ast nu(*I<*i<* a<'id splits off adiMiiiK^ and jL>uanin<' 
inononiK’h^otids, leaving; ura(*il-cytosin<‘ diniich^otid It is (*\i<l<*nl, 
th<‘r(‘for<s tlnii the uracil nn<l (\yt()siiH» inononucl<»olid raelicals an* 
unit(*<l to OIK* anotlK*r in ih<* y(*ast nuck‘i(* a<'id inol(*cuh*, an<I that the* 
a.<l(*iiinc and jj^uaniiu* )non<»nu<*lcoti<ls form tlu* (*xtn*initK*s of the* 
rnol<*cnl<‘. 

Now tlu* Adenine Uracil Dinucleotid ini|i;lit con<'c*ivahly consist of 
two TnononiH'lcolids united by their phosplioric n(‘id ru<li<‘als, or th<‘y 
tnight be united in some other manner. If they w<*ro uniteel by tb<*ir 
phosphoric aeid inolecul<‘s, at h*ast one of the hydroxyl-groups of the 
phosphori(^ u(*i<l riidi<‘aJs would disapp<*ar by neutralization. The 
total miiuber of available hydroxyl-groups c*ontained in tlu* two 
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])li(>si)lit)ri(* acid radu'ub iw four, ho that the iiiaximum number of 
molecules of any base tliat suleiuue-uroeil clinuclcoticl could combine 
with wouhl 1)0 four. If any hydroxyl-groups were neutralized by 
union of i)hosi)horic acid raflicals with each other or with other parts 
of the associated mononucleutid the free hydroxyl-groups would be less 
than four, and the dinucleotid would, in consequence, neutralize less 
than four molecules of a base. Now adenine-uracil dinucleotid forms 
a <*ompound with Jour molecules of Brucine. It follows, therefore, that 
the phosphoric acid radicals of adenine and uracil mononucleotids 
are not utiliz(‘d in binding these constituents of the nucleic acid mole- 
cule together. 

When a Purine Nncleotid is heated with dilute sulphuric acid, phos- 
phoric acid is liberated rapidly and completely. On the contrary, 
when a Pyrimidine Nucleotid is similarly treated, phosphoric acid is 
split off slowly. Yeast nucleic acid yields one-half of its phosphoric 
acid rai)idly, ainl the rtunaining half slowly. Now if we compare the 
relative Kit<\s of splitting olT phosphoric acid by adenine-uracil dinu- 
cleotid and by the whole yeast nucleic acid when treated in this 
manner, we lind the relative rates of yielding phosphoric acid are 
identical. 1 Icncc, so far as phosphoric acid is concerned, the nucleic 
acid molecule consists of two symmetrical parts. Union of the two 
dinucleotid fractions to form whole nucleic acid does not in the slight- 
est <lcgrce affect tiie rate of yield of phosphoric acid by the component 
dinuc-leotids, and hence, phosphoric acid cannot be concerned in their 
union, an<l th(‘ phosphoric-aci<l linkage (2) in the subjoined diagram 
cvid(*ntly does not exist in nucleic acid. 
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The molecule of yeast nucleic acid having thus been shown to 
consist of two symmetrically constructed halves, so far as phosphoric 
acid is concerned, it follows that if linkage (3) exists, then linkage 
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(‘\|)r<‘t to <‘orn‘si)on<l to the* iiiultitueh* <if tyj)(‘s ol* (u*lls. 'PIk* 

facts sn^^^<‘si (hni the ehve'rsity of orjiraiih* forms is tl<*t<*rmin(*el hy some* 
rehiliv<‘ly simple^ m<‘chjmism. ^Phe* j)ossihI<* iiatiirc* of this rn<M*hanism 
will fall iiiideM- eliscussion in a Iat<*r <‘hapteT ((1iaptt*r XXI). 

In tlu‘ iiHNinwliih* w<* may not<^ the <*x< *<*(*< iin^ly si^nilh’ant. fju‘t that 
the* nn<*l<*i<* aeiels of plant nm*I<*i elilfeT fiiiulam<*iitally in eh<*tni<*al eoin- 
peisition from the* imeleMe ae'iels of animal origin, for while* plant nu<*I(Me* 
ae'iels e*e)ntiuii d-Ribose as tlu*ir e^arheihyelrate* e*e)inpe)m‘nt» jiuel Uracil 
a.mong the* ni1ro^e*ne>us l>ase*s, the nu<*I(*ie* aeiels e)f animal e>rij{in <‘e>n- 
ta.in a he*\e)se* in pla<*(* e>f el-rihe>se*, anel Thymine in plae*e eif nrae*il. We* 
e*a.nnot r<‘frain fre»m supposin^jf that the*se‘ (Iiflere*ne*e*s are* e*orre*lat<*el 
W'itli the* fun<lame*n(al eli\e*rji;e*nee* I)e*t\v<*e*n the* meMle*s of nutrition e»f 
plants anel a.nimals. hVom this point e>f vie‘\v it is a, fa,<*t e>f e*\tr<*ine* 
impe>rtane*e* that plant nu<*le*ie* ae'iel is tre*ate*el hy the* animal body as a. 
re)re*iji;n suhstane*e» anel that in the e*(fe)rt to elee*e>mpe>se* anel e*liminate» 
it. e*e)nsi<I(*rahle* damage* is eione* tei the* animal tissue*s. 'Phus, Uin^e*r 
and llnele*rhill anel l{in^e»r and Le»ng hav(‘ shown tliat whe*n ye*ast 
nn<*le‘i<* aeiel is intre)due‘e‘d inte* the* e-ire‘nlatie)n of rah!>its e»r eleij^s, e‘\te*n- 
sive* eie*st rued ion of tissue* is in<luee*<l, whie'h is e*Mde*n<*<*d 1)\ a |i;re*atl,\ 
inere*ase‘d output e)f mtro^e*n anel phe)sphate*s in the* urine*. iMore*e>ve*i , 
if t he* eleise* he* siillie*ie*ntly lartce*, a typie^al e*e)nehtie»n of Shock supe*r\ e*ne‘s, 
re*se*mhlinK that whie*h ma> he* inelue*e*el hy the* inje*etie)ii of Peptones. 
Aelmimstiatie)!! of animal nue*le*ie* ae*iel ^i\e*s rise* te> no *iii(*h s\mptemis 
anel the* e)utput eif urinary nitroge*n is not ine*re*ase*d. 


AMINES DERIVED FROM AMINO-ACIDS. 

"I'he* pre)te*olyti<- e‘uzyme*s. such as Trypsm anel Erepsin, accomph'-.h 
the* e*onve‘rsie)n, h\ h^elrolysis, of the* prote*ms mte> th(*ir constitu(*nt 
ainino-ae‘ids. 'Phe* ne*\t ste*p m the* <le*^iaelat ion of nit rojjje'iious fe»od- 
slulfs hy animal tissue*s ^e*ne*rally appe*ars to <‘onsist m Deaimnizatioxii 
with the* splitting eitf of ammonia anel the* eixielatiem of the* ie‘mamele*r 
of the* eiriginal aniino-ae*iel mole*e*ule* te> carhon elioviele* anel wate*r \o 
inte*rme*dia.te* stage*s in (his proce*ss have* he*e*n el(*(im(e*l.\ e*s(ahhsh<*<h 
anel we* have* he*e*ii iimihle* tei ele*le*ct the* pre*se*ne*e* in animal tissue's eif 
enzyme's <*ai>ahle* ed* prodneing nitroge*ne)iis hase*s e)the*r than ainmenna 
freiin nmino-a<*iels. '^Phal sue*h enzyme's, pe*rhaps highly lo<*alize*el, ele> 
actually exist in animal tissue's may he regarele*el as e*x<*e*e‘<lingly proh- 
ahle, fremi the* va.riety and physie)le)gie*al impe»rtane*e* eif the* nitreige'imiis 
has<\s which are Idunel tei oe'e*ur in animal tissue's anel their signilie*ant 
ehemi<*al rese*mhlanee* te>ee‘rtain of the ainino-ae*icis wdiie'h are* yie*l<leel hy 
th(5 (ligostiou of pre>tein. 

Bacteria anel oth<*r Fungi, howevtjr, <♦onstitut(^ a greaip e>f eirganisms 
wliieh are. al)lo to rapidly pr(>du<*(i from amino-aeiels a senses of nitrog- 
enous bases which arise by Decarboxylization of the amino-a<*iel me>le'e*ul<* 
iu uc(*ordune<' willi the general oqtiation: 
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I = CHiNth + CO2 

(V)(>n 

Anuno-uoid Amine 

Dccarboxylization may also, especially under anaerobic conditions, 
he accompanied by nnluction, in which case Formic Acid is produced 
insl<'a.(l of <*arbon dioxide: 
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<aiNrr« 

CJOOII 

Aiiiino-aci<l 


ITo 


R 

I 

OHjNHs 
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At the same time that this is taking place, Deaminization is also 
proceeding, and is cvid<5iiced by the production of ammonia. The 
conditions <leterminiiig tlu^ relative proportion of these two processes 
are (*ompl(ix and have not as yet been fully determined; but it has been 
observed that the presence of carbohydrates in a culture of bacteria 
or fungi greatly diminishes the production of ammonia, presumably 
bec*ause in the absence of (carbohydrates the organisms utilize amino- 
acids as a source of energy as well as a source of nitrogen, and con- 
suming the (‘arbon and liydrogen components for this purpose, split 
off ammonia as a by-product. In studying the decarboxylation of 
an individual amino-acid. Histidine, Hanke and Koessler have shown 
that the formation of Histamine (Ergamine) is always coincident with 
the i)roduction of a medium that is distinctly acid. They believe 
that the histamine is formed by tlie bacillus (Bacillus coli commimis) 
to neutralize the excess of acidity. Hence the addition of glycerol, 
or of glucose, to a culture medium containing histidine as well as some 
otiicr source of nitrogen, icsults in the production of liistamine, because 
the fermentative dc(*oinposition of the glycerol or glucose leads to the 
I>ro(luction of an aci<l rea(‘tion The necessity of a source of nitrogen 
other than histidine itself possibly arises from the fact that the 
growth of the bacilli is greatly facilitated thereby and the production 
of an acid niediuin is <*ousequently ensured. Not all sources of nitrogen 
are equally elfectivc, however. The production of histamine is especially 
promoted by Leucine, while Alanine, Arginme, Glycine or Peptone also 
increase the yield of histamine. Glutamic Acid and Tryptophane are 
without eflcct, while Cystine reduces the yield of histamine almost to 
vanishing point. Not all strains of BacUhis coli co^vffiunis are able 
to produce histamine. Among 29 strains investigated by Hanke and 
Koessler only G were found to possess this ability. 

The great importance of decarboxylation from a biochemical point of 
view arises out of the intense physiological activity of many of the 
products which originate in this manner, the resemblance of some 
of these products to the active principles of certain of the glands 
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of Iiit<>nin.l s<‘cn»<ion, aiul th<* prol lability that sonio of tlit^iu may 
r<*iwh tli<‘ circulation, occasionalljy in injurious (juantitics. by absor]»- 
lion from tb(‘ Iarju;c int<‘stin<j wluTcin tlicy an* pro<hi<’<Ml by bacterial 
a<‘tiviiy. 

The follow in^( amin<\s have IxH'ii protluced from the <*orres})on<linj^ 
atnino-iK'uis by th(‘ iud.ion of putrofuetives ba(d<*ria. it is possible, 
how'C'VC'P, tha.l the tnu‘ sonre<^ of iuethyla.miiu‘ in the putndaction 
of fislu‘s is not jLj:ly<*ocolI, but cdioline (trimetliyl o\y<‘thyl ammonium 
hy<lroxi<h*)i Nvhich is th<‘ basic <*oiistituc‘nt of Lecithin. 
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Pyrrolidiuo, wliicli should be formed by decarboxylization from 
prolino, oxypyrrolhline whicli should be formed from oxyproline, 
amiiio-ethyldisulphide which should be formed from cystine, and 
jS-hydroxyethylamhio which should be formed from serine, have not 
yet been found possible to prepare by bacterial decarboxylization. 

While a wide variety of bacilli, especially anaerobes, are able to 
bring about the decarboxylization of amino-acids, this power would 
seem to be possessed in an exertional degree by a specific oi^anism, 
BactUus aminoj>hUiis iniestinalia, which has been isolated by Bertrand 
and Bcrthclot. 

The production of these bases, many of which are definitely toxic, 
is not nc<*e8sarily ac(*oinpanicd by the production of the odor which 
is conmionly considered to be indicative of putrefaction. The odor 
of putrefaction is due to Indol and Skatol or jS-methyl indol: 
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NH 
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aiul those substan(*os, whioli arc derived from Tryptophane, are the 
products of a further stage of putrefactive decomposition, arising by 
(‘Oinbined decarboxylization and deaminization succeeded by partial 
(skatol) or complete (indol) oxidation of the aliphatic hydrocarbon 
chain of the tryi)toplianc molecule. 

The bases which are derived in this way from the proteins display 
the usual cbara(*teristie ])roporties of tlie amines. They are very 
much more basic than the amino-acids from which they are derived, 
aiwl yield crystalline salts with mineral acids. 

The alijdiatic inonaniines (methylamine, ethylamine, isobutyl- 
aTiiine, isoainylaminc, dimctliylaminobutane) exert a physiological 
action mimicking the effects of stimulation of the sympathetic nervous 
system, they arc therefore termed by Barger and Dale ‘‘Sympathomi- 
metic” bases- The lowest amine to produce a distinct rise in blood- 
pressure on intravenous injection is, however, Isobutylamme ; the 
activity increases with increasing length of the aliphatic hydrocarbon 
chain uj) to Hexylamine, and tliereafter declines as the number of 
carbon atoms increases. Very much more effective than mere increase 
in the length of tlie chain is, however, the introduction of a ring- 
structure as in tlie benzene and heterocyclic derivatives. ^ Thus Phenyl- 
ethylamine is at least five times as active, physiologically, as any 
aliphatic amine. Two milligrammes of this substance, when injected 
intravenously, may increase the blood-pressure of^ a cat no less than 
600 per cent (30 mm. to 180 mm.). The most active, however, of the 
monamines derived from the amino-acid cleavage-products of protein 
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is paralj,v<lr<>\y|)lu‘iiylotliyIairii!U'“ (Tyramine"), \vhi<-h <*\arts an 
upon I)lo<><l-pri^ssnr(* alxMii oia*-i\v<‘iiti<‘th of that liy Adrenaline. 

Wlu ‘11 iii<ra\<*n<aisly it causes a rapid and pn»iioun<*(‘<l rise* in 

I)l<M»d-pr<'ssur<‘ which is somewhat mor<‘ prolon^x^Ml than tlu^ rise* whii'li 
is <*aus(‘<l l>y inj(‘ciions of a<lrenaHm‘. I’nlikc* adn*ualiiu‘, how<‘v<T» 
tyramiiu* <lo(\s not cause any vasoconstri<‘tion when ai»i>lied lo<*ally to 
mucous surra<*(‘s, and lar^j:<‘ dost‘s fail tc» pnaluce* tin* ^ly<'osuria w'in<'h 
r<‘snlts from adnaialim* poisemin^j:. '’I'yramim*, furt}i(»rm<»r(\ lias a 
<le(*id<Ml a<*tion upon the uterus, causing the non-prt'ixnant uterus to 
n*Ia\ whil<‘ th<‘ pn^^^naiit uterus is stimulate*! to <‘<»ntra<dion. 'Hu-' 
#^lan<ls which an* imier\ati‘<! I>y tlu* sympatln^tic systcun ar<‘ stimulated 
hy tyramim*. 

It has h(‘<‘n conshh^nxl possihh* that sin**** t\ramiu<‘ may Ik* j»roduc(*d 
Hi niro from Tyrosine hy the a<*tion of f<*cal hact^ria, tiu* pn*.s<*nc<* of 
this suhstanci* in the larK<Mnt<*stim‘ and its al>sorpti<»n ma> lx* n^spon- 
sihh* for jiatholo^rical <*onditions in w*hi<*h hi^h I>lo<xl-j>n»ssur(‘ is a 
l<N*ulinf^ symptom As in llu* cas<‘ of ji<ln*naline, prolonj^c*! adminis- 
tration of t\rami!ie h^ads to mini aiul vascular lesitais similar to 
those whii'h so ^^<*n<‘rally ac<*ompany p<Tsist(*nt art<*rial hyp<*rt<*nsion 
ill man 

Indolethylamine is not so polc*nt as t.\ramiiu‘ an<l dilV(‘is from it 
in s<*\<*ral <h‘tads of its a<‘tion, notably m j^i\ in^x mm* to muscular 
tn*niors or <*v<*n <*on\ ulsions, <lm* to a transii'ut stimulation of tlu* 
ciMitral n<*r\ous syst<*m. Indoleth\ lamim* has also a dinx’t stimula- 
tory action on sin*x)th muscle fibers, w Inch is <*sp(‘ciall\ markisl in tlu* 
art<*ri()l<‘s of tlu* ins aiul the ut<*rus. 

Amou^ tlu* Diamines, Putrescine aiul Cadavenne arc of iiisloric 
int<*n*st, as tli(*\ wen* amori^ tlu* <*arlu*sl putrefaction l)as<*s to lx* 
isolate**!, <h*linit(*l.\ <’haract('rr/x*d and uh*ntili<*<l 'I1u»\ an*, how(*\(*r, 
<-omparatiV(*I\ imux-uous suhstan<*c*s, having \(‘r\ shj;iit ph\ su>loji;ical 
acti\it\ and, in common with otIu*r dianmu*s. hut m <*onlrast to tlu* 
inonanmu's, llu*y <*ause ufall in !)hxxl-pn'ssUH* wlu*n llu*\ an* inj(*<-l<**l 
int ra\ <‘uously. ^riu*y occur m tlu* uniu* in cas<*s of <*\stmuria, tlu*ir 
pn*sc*iic(‘ indicating’ a <l(*l<*ctiv(* pow<*r of tlu* tissu<*s to d<*amiur/<* 
amino-aedds. 

Agmatine has a <hn*<‘t actiem upon tlu* muscular tissu<*s of tlu* 
ut(*rus, inducing <*ontractions, it is, lu»w'<*\(*r, verN much l<*ss pot<*ut 
in this n*sp<*ct thiiii Ergamine, whi<*h with Ergotoxme and Tyramine is 
the ac(iv<> |)nnci|)l(> of the pliitnnacoidi<'al preparations of er^jot. 

Srgot is ii pairasilie fungus, ('Id rice piirjtdrrd, whieh grows on 
<Iiseaae<l rye, aiui has heeii tunploycsl from \ery an<-i<*nt turn's to eaus(' 
eoutnu'tions of tlu* uterus. '^I'hejiniiiies wliieh it <'ontains an* uiulouht- 
edly ])ro<luet'<l hy this fungus, as they are hy other fungi ami ha<'teria, 
hy <leearhoxyli!!nti()n of tiu' eorwspomling anuno-a<’i(ls. Krgamim' 
stinmlutes unslriutixl iiitiselo eells <lirt‘etly, imlueing espec'iall.v j)ow<'rful 
eoiitractimis of tho uterus, hut tilso stimulating smooth mtiseh* fibers 
in other orgtms, for example the stomiieh ami intt'stine uml tl>c (on- 
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stridor inusclos of the of the eye. Whoa dissolved in physio- 

logicsil saline solution and i)crfused through excised bloodvessels the 
niusc*le filxTs of the v<‘ssels <*outra(*t, causing a decrease in their 
diaiiK'ter, hut when orgainine is injected intravenously, the effect 
upon the majority of tlu^ vessels in mtn is just the reverse, and the 
blood-pressures undergoes a profound dc(Tcasc, due to tlieir dilation, 
Tluj vess(Js of the lungs, heart and kidneys, however, are constricted. 
An exceptionally inten^sting action of erganiine is that of inducing 
spasmodic contractions of the Bronchioles when administered in 
relatively large doses. Thus 0.5 mg. of ergamine intravenously 
injected will kill a guinea-pig in a few minutes, and the cause of 
death is asidiyxiation, wliich is duo to closure of the bronchioles, 
preventing the passages of air into or out of the lungs. Postmortem ex- 
amination shows that the lungs arc permanently dilated (Emphysema). 
Now this is the <*ondition wlu<‘h, in a milder degree, is responsible, 
in luiinan beings, for the respiratory distress in Asthma. It may 
further he hrouglil alxnit by peptone poisoning or by inducing Anaphy- 
lactic Shock. 

When a non-toxic fon^ign protein, for example egg-white, is injected 
hypodermically or into the circulation of an animal, if the first dose is 
followed within a f('W days hy a second, that in a like period by a 
third, and so forth, no harmful results ensue, and tlie animal gradually 
accpiires Immunity to tlie protein. If, however, after the injection 
of the first dose of prot<‘in a <*onsiderah]e period, c, g,, three weeks, be 
allowed to elapse before the second is administered, if the second 
dos(‘ he sulficiently large, a condition of ^‘anaphylactic shock" is 
induced wliicli is frc(iucnlly fatal The cause of death is asphyxiation 
due to spasnnxlic contractions of the bronchioles, and it is believed that 
the ])reliininary “sensitization” of the animal lias endowed its tissues 
with the alnlity to so ra|)i<lly decoinjiose the foreign protein that upon 
injection of the second dose dangerous quantities of toxic peptones or 
otluT jiroducts of prot(‘in decomposition arc rapidly formed. The 
rcs<Mnhlaiic<‘ Ixdwccn the symptoms of ergamine poisoning, peptone 
})oisoning, usthina aiul anai)hylacti<‘ sliock is so striking as to suggest 
a common cause, and the view lias heou advanced that all of these 
])henomcna are attributable to the liberation of iS-iminazolyl ethyl- 
ainiiH' in the lilood or tissues, the source of the substance being the 
Histidine radical in jirotciiis or peptones. On the other hand, Hanke 
and Koessler have found that typical peptone shock may be induced 
by the injection of peptone that is free from preformed histamine, 
although, of course, this does not prove that the effect may not be 
attributable to the production of histamine, subsequently to injection, 
or to peptide derivatives of jS-iminazolylethylamine which may possibly 
exist preformed in peptone preparations. Part of ihe symptoms of 
anaphylactic shock, however, are definitely not attributable to erga- 
jnine, because tlfis substance does not render blood incoagulable, while 
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iiu*<>n^ul;il)ility of tJio hlooil is on<‘ of th(^ symptoms of profound 
miaphylaciic* shock nm! of jwptoiu^ )>oisonin|i:. 

Tho possibility of tin* formation of /:t-iminazoI.vI tdhylaminc from 
proteins in the lower intestine by the action of fe(‘al luKderia may 
(‘liable ns to trac(‘ certain forms of asthma to an int(\stinal sour(‘(^ 
The majority of <‘as(‘s appear, however, to b(‘ un(loubt<‘dIy anaphyl- 
actic, th<‘ imm(‘dia.t(‘ origin of an atta(*k lading fre‘(pu‘ntly trau‘(‘abl<^ to 
ing(‘sti()ii of soin<‘ prot(‘in to whi(‘h the imlividual in (iU4‘stion hais 
l)(‘com(' sensitiz<Ml, c. </., th(‘ proteins in the sw(*at of horses, <*gg-white, 
the proteins in strawlxTries or in ])ollen, or possibly ])rot(‘ins jiro- 
<!uc(‘d locidly by baict<Tial inf<‘ctions. On thi^ otluT hand, asthmatic 
iittacks, originally anaphylacth*, nuiy fr<‘<|U(‘ntly b<‘ s<‘<‘n in early 
cas(‘s to pass through transitional stag<‘s into habitual n‘ll<‘xes, which 
are tber(‘art<‘r <‘licil<‘d by any unusual stimulus, c. //,, emotional (‘\cit<‘- 
nK‘nt or indigestion. 'I'he probh^m is therefor<‘ a many-sid<‘d one, of 
whi<‘h tiui scsveral factors are frcxpiently ditlicult or impossible to 
disentangle. 

01os(‘ly r4‘lat(‘d to t!u‘ amines which we hav(‘ b<‘(‘n consid(‘ring ar<‘ 
th<‘ co-Amino-acids in which the a-aniino group which is so characteristic 
of thc‘ amino-acids d(‘rivi‘d from jiroteins is abs<‘nt, the amino-group 
being attacluxl to a carbon atom which is r(‘mot(‘ from th(‘ carboxyl 
group 'rids r<*sults in greatly incr(‘as<‘d basicity of th<‘ amino-acid, 
so that tlu‘s<* compounds r(‘S(‘inble the amin(‘s in clu‘mical ladiavior 
rather than tlu* ammo-acids. 'Flu'y may b<‘ prodmx'd in putr(‘fa<*tion 
by {lartial d(‘ammization of a diamino-acid, as in th(‘ production of 
(3-Amino-valenc Acid from ornithine* 
n.N <’11 (’n.<’n.<’ir«Nii.i<’(M)ii i lu ii n ( ii-cncii cn.coiui i mi. 

(»r th<\v may r<‘sull from partial d(‘carbo\yhzation of a du’arboxN li<* 
acid, as in th<‘ production of 7-Aminobutyric Acid, from glutamic acid 

liooccinNii.) <’11.(11 coon ii.N ( 'll. ( ’ll. ( ’ll. ('<M »ii I <'«). 

An important r<‘pn*senta.tiv<‘ of this group of substanc(‘s is Camosine 
which, next to cn'atinc, is tlu‘ most abundant nitrogenous bas(‘ m 
m<‘at-(‘xt racts. It is pr(‘s<‘nt in hors<‘-m(‘al to th<‘ (*xt<‘nt of I S gm. 
jier kilo. On hydrolysis it yiedds Histidine and /i-Alanmo m (‘<pii- 
molecular proportions. It is Ixditwi'd to be a dip<‘ptid<‘, hi.stidyl-/it- 
aliiniiu‘: 

<•11 <’ - (MICH <’()nN.<'u..<’ii..<’()on 

N NH Nil" 

THE BETAINES. 

The Betaines are andno-a(*ids in which the nitrog(‘U atom is united 
to methyl-groups in the place of hydrogen atoms. These suhstanecs 
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ill Uu' iU».s<Mic’<* «>r Wilier rorni iinli.vilriiloH wliich open up when 

they 5U’« ilissolveil in wiiter or unite willi ncids. Tims Betaine itself, 
or Trimethylglycine, Iiiis tlie I'orinuia: 

<> 


(C'lIJtN (M) 


cir-. 

\v1k»h <lri<Ml ii( 100**, hut wIh‘ii it is <liss()lvc<l in water or 

with acids it is prolwibly rcj)r<‘S(*iited hy tlie formula: 

on 


(< 'll.,) ,N 


( 'int ’< )()Ji 


I5c‘ijnn(‘ <»cciirs iii tlu‘ sjij) of tlu‘ suf»ar-l)(‘t‘t, HrUt mdgarLs, and is 
e\tra(*t(‘d to^idlu'r willi lli<‘ sii^ar, rc^inainin^ in the molasses when the 
su^jjar is ndim'd If is non-l<)\u» and is not ntiliza>l)Ie !)y animals as 
a food, Out it is stat<‘d that tli<‘ er(‘atiiu‘ (‘ontcsit of the iniiselcs is per- 
eejitibly in(*n‘as<*d by administration of hetame 

Trimethyl Histidine is found in (Mlibk‘ mushrooms The constitu- 
tion is: 

<’II Nil 


< ’ N 

I 

< *11 

I 

IK’ N(<’lf,)t 

I I 

< •<) O 


'’i''h(‘ <*orres|)ondin<; Ix^taiiie of tryiitopliane is Hypaphorine. T^}) to 
the present th(\s(‘ IxdaiiH's IiaAe only been found in idant-tissiies. 

In iHitrefyiii^jj im^at wo liml a lietaiiie whieh, unlike those deseribed 
al)ov(*, has a. po\N<M*rul physiolo^»ieal aetion. Tliisis 'y-ii-hutyro-bctaiiie, 
the betaine of 'y-amino-butyrie aei<L 


() (^O 

((Mia)., 

cnia ( ’in 


>CH2 


It has an action ui)on nervo-endings resembling that of curare, and 
when injected produces convulsions, dyspnea and paralysis. 

14 
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Carnitine is tho a-iiy<lr(>xy derivative of 7 -l)utyro“h<*taine: 

u < •<> 

t<'n.h • N <*no!i 

t*n <-n. 

It. is fouiul in nieat-<‘\(raets ami is almost <Ievoi<l of iiunuslinte pl»,\sio- 
lofifieal a<*tit»ns. 


NITROGENOUS BASES DERIVED FROM GUANIDINE, 


Guanidine : 


Ml. 

I!N • <' 

NH. 


is ol)taiiie<l froiii protc'ins hy tla'* eiiiployna'nl of slroiij^ <»\i<li/in» rra- 
^(Mits, its pr<‘S(‘nc(‘ lias also lu^eii dete<‘te<l in \anons \e^(*tahi<* tissiu's, 
amonj; otli<‘rs in tiu* su^;ar-l«H*t. It is a strong; l»as<S yu‘l<linj4 stroiijjfl.N 
alkaline solutions of \<‘r^ stahl<* salts with a<‘i<is It is uneerijiin 
wh<*tlu‘r or not it o<‘<‘urs in traces in tlu‘ hlood and tissiu^s. Methyl- 
guanidine : 

Nil <’11, 

n\ (* 

MI. 

is, lio\\(‘V<*r, a normal eonstitianit of hlood, museiilar (issu<“. and nriiu* 
(5ujmi<liiu* and nu^thylguanidiiu* hav<* a \er\ tltM'ided ph\ Molo^ieal 
a<*tion, 200 of nu‘thylguani<Hn<* l><*in^ a l(‘thal doM* for a ^iimea- 
pif;. Tin' amount of im*thyl^uani<line in tlu* urme is ”ieatl.\ in- 
<'i<^as('d h.N Anaphylactic Shock, hut tlu^ sNinptonis of poisoning 
ar<» nowise similar to tlios<* of anaph\ la<’ti<’ shock 'rh<‘\ consist in 
fihrillar twit<*liings of tin* p<'rij)lieral musch's and an <‘\citation of tin* 
si>inal<‘or<h r<*s<‘inhling in <*oinparati\ <dy slight mcasnn* that pio<hic<*<l 
hy str\chnin(' or hy Curare wlH‘n dir<M*th applic<I to th<‘ coni In 
larger <loscs tin* inyoiUMiral junctions ar<‘ paral\/.c<l in tlu* sam<‘ way 
that tlu‘y are hy curare and the spinal c<*iit(‘rs an* <l(*pr<‘ss<*d. ^rin* 
fihrillar twitchings pr<>du<*(Ml in nnis<‘les hy small <los<*s of guaniihm* or 
methylguani<line are sup])resse<l hy calcium salts, and in tins r(*sp<‘ct, as 
w'(*ll as in the character of the muscular <*\citation, tlu‘ action of small 
<loses of guanhline resemhles the action of sodium salts up<»n m‘r\<*s and 
mus(*l(*s. 

The inark<*<l efftM*! of methylguanhline uixrn neuromuscular tissmss 
is of especial interest Ixscausc^ ai <l(^rivative of methylguamidine, Creatine, 
or inethyl-guanidino-aeeti<* au*id: 

N,(UIj.<:na.( ’OOH 

UN « < <^ 

^NU 2 
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is the most abundant nitrogenous base in muscular tissues. The per- 
centage of creatine varies in different muscles, being higher in voluntary 
(striated) than in involuntary (smooth) muscles. In given muscles 
rile percentage of creatine varies in different species of animals, but is 
remarkably constant in different individuals of the same species. The 
following are the percentages of creatine found in the muscle of various 
animals by Myers and Fine. 


Species 


Per cent 
of creatine 


Rabbit 

Cat 

Man 

Dog 


0 52 
0 45 
0 39 
0 37 


In the urine the anhydride of creatine. Creatinine, is an important 
constituent: 

N CHs CH2 COOH N.CHa CH2 

HN = c<;^ « HN « c<;^ I + mo 

NH2 NH CO 


As a rule creatine itself is not found in mammalian urine, altliough 
it replaces creatinine in the urine of birds and is a normal constituent 
of the urine of young children. In women creatine occurs in the urine 
immediately after menstruation and occurs in large amounts in the 
urine during the involution of the uterus which follows delivery. It is 
considered probable by Folin and others that the creatinine in urine is 
not derived from the creatine of the muscles but represents a product 
of the catabolism of protoplasm. Creatine administered b^^ mouth in 
small doses does not appear in the urine either as such or as creatinine. 

Neither urinary creatinine nor the creatine in muscles is increased 
b^' muscular work, but the creatine content of muscles appears to be 
connected with tlieir Tonus or degree of moderate contraction when at 
rest. Thus standing at “attention” in a military position increases 
tlie urinary creatinine while a long march does not. On the other 
hand if, as much of the evidence seems to indicate, urinary creatinine 
is not derived from the creatine of muscles but from the “wear and 
tear” of tissues, this result may merely indicate that standing at 
“attention” involves more destruction of muscular tissues than the 
performance of muscular work. 

Creatine is one of the relatively few substances which stimulate the 
gray matter or Neurones of the cerebral cortex. The customary 
stimulants for nerve fibers, calcium precipitating substances, barium 
chloride and so forth have no action upon nerve cells. Creatine is de- 
void of stimulating action upon nerve fibers, but when applied to the 
motor areas of the cortex, it throws the animal into convulsions. This 
may be connected with the fact that the convulsions which accompany 
Eclampsia, a metabolic disease of pregnancy, are heralded by a ^arp 
rise in the creatine output in the urine. 



212 


NUCLMK: /ir/MS' AN!> TflFj ^7r/lV>(;A^\7H^S' 


( may l>o <Ioic<‘t<‘<l !)y Jaffa's Reaction, <Mn»sists in tlu‘ 

ml <*(>lor pr()diw<Ml l>y <*r(*atiiiim* in uikaiiiK* soluUnns \>h<Mi Picric Acid 
is 7 '' 1 h' color is <hio to Picramic Acid, vNhich is fonn<‘<l !>\ n*<Iu<*- 

lion <W* |)i<‘ri(‘ acid. ''I'liis r<*acfion is <‘ini>Ioyc<l f<»r (li<‘ <jiiantitii(i\ <‘ 
cstiniation of creatinine. <'r<*atininc also j;iv(‘s a rul),\-n‘<i color witli 
Sodium Kitroprusside in alkaline solution (Weyl's Reaction). 

('r<‘aiin<‘ may Ix' <*onvert<‘(l into cn^atinine hy boiling*; with <lilnt<‘ 
hy<lrochlori<* aci<l, or it ma\ be <l<‘t(Tinin<Ml (lir(‘<*(l.\ b\’ iitili'/in^ the 
l>ink <*oloration which it yi<‘l<ls with Diacetyl. 

It should be not<‘<l that <*r<'atine is <*los(dy n^Iatixl to Arginine, whi<*h 
is th(‘ only j)roduct of prott^in hydrolysis that <*on(ain.s a ^uamdiiu^ 
ra<li<*al . 


IIN 


■< 


Nil 




Nil* 


IIN 


< 'll, 

N 

c *11 coon 

Ml 

( 'll ititll* 


THE NITROGENOUS BASES DERIVED FROM THE PHOSPHOLIPINS. 

'r\\v sai)onili<*ation of tlu‘ Lecithins b,\ alkala^s ,\i(^lds, lM\si<les soaps 
and tbc' f^Iyc(M'ophosphat(‘ of th<‘ alkali, a nitro^cMions bas<N Choline, 
or 1riniethylo\\ (Mh,\ laniinomum b>dro\id(‘ 

cil.ciloii 

(<UIa, N 

nil 


It is a strong l)!is<\ yielding aikaliiu' solutions an<l forinin.i; a doiibh^ 
salt witli platini<* cbloridi' By the saponification of Kephahns, iic»\\- 
<‘ver, w'c obtain a. diflcrcuit bas<‘, namely, /^-Ammo-ethyl Alcohol. 

H N <’n.(ui.on 

from \\hi<‘h c'holiiu' is ])rol)ably dc'rned by mc^thylation 

7'h(M*e has l>een much discussion of tin* cpu'stion wlu'tluM* oi not 
a. third and related bases Neuxine, or \ jn> ltiiiiM'tb,\ I ainmonnim 
h,>dro\id<*: 

(’ll CM. 

C’II.}.I ’ N 

on 

is yieldc'd by the hydrolysis of Protagon, but tlie consensus of opinion 
ai)i)ears now to <‘oineide with iho view originally t^Kjin^sscxl by (hile- 
wits(di, tluit neurine is in reality a putrefaction product d<‘riv<xl from 
<*holiiKi by the action of bact(*ria. Thus perf<‘<*tly fr<*sh brain-tissiu‘ 
does not appear to yield neurine at all, unless tludeeitiiins (or jirotagon) 
are boiled witli strong alkalies, whieh, even in pure solutions, n'suKs in 
a i)artial conversion of clioline into neurine. 
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Both choline and neurine exert the physiological actions which are 
typical of all the trimethylamine derivatives. The first symptom of 
poisoning is salivation, followed by intestinal cramps. There is a 
preliminary fall in blood-pressure succeeded by a rise. Death is 
ultimately due to arrest of tlie heart. These symptoms arise from 
stimulation of sympathetic nerve endings in the glands or muscles 
affected and are prevented by the administration of Atropine, which 
paralyzes these junctions. 

It was at one time thought that free choline might occur in the brain, 
particularly in degenerative changes of the central nervous system, 
and that under these conditions choline might be found in the cerebro- 
spinal fluid. The presence of choline in cerebrospinal fluid was, in 
fact, suggested as a means of detecting degenerative lesions of the 
brain. Since platinic chloride must be employed to detect the small 
quantities of choline looked for, however, and potassium and ammonium 
salts, both of which are also present, yield very similar crystalline 
platinichlorides, it is rather probable that the crystals obtained from 
cerebrospinal fluid are not in reality compounds of choline. The 
small quantities which are obtainable render any investigation of this 
question by direct analysis a very difficult one. The free choline 
alleged to have been detected in brain-tissue has been found to be a 
postmortem product arising from autolysis or putrefaction. 

The physiological action of neurine is much more intense than that 
of choline, being effective in about one twentieth of the dosage. By 
introducing radicals into the oxyethyl group, however, as in Acetyl- 
choline and the nitrous acid or nitric acid esters of choline, substances 
of very much more intense physiological activity than choline itself 
are produced. 

By the hydrolysis of the Cerebrosides, phrenosin and kerasin, a 
nitrogenous base, Sphingosine, is obtained, the constitution of which is 
at present unknown. Its percentage composition corresponds to the 
formula C17H36NO2, and it is a diatomic alcohol containing an amino- 
group. When sphingosine is heated with concentrated sulphuric acid 
and a sugar, it yields a purple- violet coloration. The cerebrosides, 
when similarly treated, first dissolve in the sulphuric acid, yielding a 
clear yellow solution, and then the sphingosine is split off and sepa- 
rates out in droplets which yield the reaction. The addition of sugar 
111 this case is unnecessary because it is supplied by the galactose in 
tlie cerebroside. Regarding the physiological actions of sphingosine, 
nothing definite is known. 

NITROGENOUS BASES FORMING THE ACTIVE PRINCIPLES OF 
INTERNAL SECRETIONS. 

Of these the best studied, and therefore the best known, is Adrenaline, 
the blood-pressure-raising or Pressor principle of the Suprarenal Gland. 
Other names by which this substance is designated in current literature 
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arc Epinephrin, Adrenin nii<l Suprarenin. tc^riii a<inMtalin(* is that 

most <*ust<>in!irily uscmI, although o[>iiH*pliriii is also IV(‘<|u<*ii<Iy c‘nii>Ioy<*<l. 

A(lmialin(‘ is a derivative of Catechol and j)ossi\ss(*s th<^ hdlowinj^ 
constitutional formula. 

con 


nc 

< ’< »H 

II 

n<’ 

II 

(’ll 
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<nion 
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CU/ NH <•!!, 

\(lf IMIullIU* 


It is, therefore, a nndhylamine and also a chhydroxylM‘n'/<‘in‘ <h‘rivati\ e. 
Tlu‘ striu‘turc of adrenaline- may he <‘om|>ar<Ml with that of tyrosim*’ 

<’ou 

n<’ rn 

I 1 

IK’ <’II 



I 

<’n. 


(UnNII.M’I )Oll 
'r>icnHm* 

from which it w'ill Ix' (wid<‘nt that adn^naline and tyro-.ine <*ontain the 
same sk<d<*ton of earhoii atoms. 

The imm(ms<* l)hysiolo^i<*al importanct' of tlu* supran*nat ^land was 
first d(Mnonstrat<*d hy Addison in IS 10, wlaai he showt^l that 11 h‘ 
disease now' njime<l aft<‘r him w'as eomux'tcMl with d(‘^i;<*n<*rati\ e ehan^<*s 
of tht‘ supninMial ho<H<'s. A hwv years lat(T it was also <IiM*o\<TCMl 
that the suprarenal ^huKls contain a “ chroinoji^i^nie suhstane<‘” which 
yi(‘lds a vivid color wdth ferric chloride an<l a r(*d color with 

iodiius Strang(*ly (»nonj?h, however, the reinarkahh' eflect of suprarc^nal 
extra<'ts upon hI<)od-])ressure W'as not <lisc<)V<»red until 1S0*I, aiul the 
positive id(aitifieation of the pressor suhstanee W'ith tin* “ ehromog<*nie 
suhstun(*c” was not estahlislied until some years later. 

Pure adrenaline erystallizes in eolork'ss spherul<*s; it is spariiif^ly 
soluble in W'ater and almost insoluble in most organie solvtmts, it w ill, 
however, dissolve in glacial uc*ctic uckl, ethyl oxalate* or hcuzald(‘hyd<*. 

Ailrenuline may he prepared from fresh supran^mil glands hy extract- 
ing the minced tissue wdih water, coagulating the proteins hy hea.t or 
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trichloracetic acid, concentrating the extract and adding ammonia, 
which causes the adrenaline to separate out- 

The readily oxidizable catechol (orthodihydrobenzene) nucleus in 
adrenaline is responsible for a variety of color reactions which it yields. 
The following are among the most characteristic: 

Ferric Chloride Reaction.— In neutral or faintly acid solutions adren- 
aline yields with ferric chloride a vivid grass-green color, which changes 
to violet, reddish violet and red on rendering the solution alkaline. 
This will detect about 1 part of adrenaline in 30,000, but the addition 
of Sulphanilic Acid, while changing the color to reddish brown, also 
renders the test much more sensitive. 

Iodine Reaction.— With iodine or iodic acid adrenaline yields a red 
color. The excess of iodine may be removed by shaking up the mixture 
with ether. 

Mercuric Chloride.— With mercuric chloride in the presence of 
Calcium Salts, which act as catalyzers, solutions of adrenaline yield a 
red color. 

Persulphate Reaction. — This is the most delicate of all the tests for 
adrenaline, detecting 1 part of adrenaline in 5,000,000 of solution. 
Potassium persulphate is added to the solution to the extent of 
of 1 per cent, and the test-tube is then heated by immersion in boiling 
water. 

Phosphotungstic Acid Reaction.— With Folin and Macallum's ^'uric 
acid reagent,” which consists of a mixture in specified proportions of 
sodium tungstate and phosphoric acid, adrenaline yields the blue color 
which Uric Acid, Alloxantin, certain Dihydrophenols, Aminotyrosine and 
other substances, including the water soluble vitamine, also yield. The 
test will detect 1 part in 3,000,000 of adrenaline. 

Adrenaline constitutes about of 1 per cent of the fresh tissue 
of the suprarenal gland. One bullock’s gland, weighing about 10 
gm., should therefore yield about 10 mg. 

The origin of adrenaline is unknown. The close relationship to 
Tyrosine would suggest this as the parent substance, but the trans- 
formation of tyrosine into adrenaline w’ould involve a series of changes, 
not merely decarboxylization, but also the introduction of two hydroxyl 
groups, one of them in the benzene-ring, follo^ved by methylation of 
the resultant compound. We are not familiar with any mechanism 
which could bring about this rather complicated series of transforma- 
tions There are some indications, however, that the suprarenal 
glands may contain precursors of adrenaline which are devoid of 
pressor action and yet yield a coloration with oxidizing agents. 

The important physiological actions of adrenaline wdll be separately 
discussed (c/. Chapter XVI). 

The posterior lobe or Infundibulum of the Pituitary Body contains a 
nitrogenous substance which exerts an action upon the uterus as 
distinctive as that of ergot and has also the peculiar property of exciting 
the secretion of the Mammary Glands. The structure and even the 
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coinpositioii of tlic uctiv«‘ siihstsuiro aro iiiiknowii, lail siiu-«* it .vioMs a 
ml color witli Diazobenzene Sulphonic Acid (see Histidine), it |>rol)al)I.s 
contains an iininazolyl ra<ii<‘al and is, tlicrcl'ort*, r(‘late<l to Hrgamine. 
It is not, liowe\«T, itUniiieal with crffaminc, l»(‘cnus<‘ /j-iinina’/ol,s l- 
(‘tliyliiniiiK' liiis lu'cn sliown h,\ llank(' aial Kocssler not to o<’<nr in 
IVesh extracts of ti»e {'land. Tin* active siibstain-e whieli, in a(|ncoiis 
solutions, is known by the tra<lc name of Pituitrin, {fives the Biuret 
Reaction and its activity is rapklly <lestro,\tsl by (r.\psin, it is, c<insc- 
<|ncntly, belicv<>d to be a Peptamine or an amine <l«>ri\<><l I'roni a poly- 
peptide contuininff a bisti«line radi<‘al. S<‘\cral s.\nt!u‘ti<‘ p<*ptanun<‘s 
have b(><*n pre|)an’(l but their actions ba\«' hitlu'rto Ix'cn fotiiid to be 
niuch weakt'r than t,hos<‘ td' the siniphn* aniiiu's. 
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Via (i — TriiciiiK slumtiiK <iii fli<* u(<miis of piotliirl , of 

A ])aront niatorial, wlu<*li yioUls ])itiiilrin, or at laast a snhstanco 
roscinhlin^ ])ituitrin in its a<*fion upon tlu‘ ut(‘nis aftta- li\<IroIysis In 
a<*i<Is or alkalies (Kij?. (>), is fonn<l in the Anterior Lobe or ^laiahilar 
portion of tlie pituitary l)o(l,\. This sul).s1ane(‘, whah is a \\al<‘r- 
soliihle lipowl, hais been <h‘sij;nat<‘<l Tethelin. TUv lnsloloi»ieal stua*- 
ture an<l analoniieal n'lationship of the two parts of lh<^ pituitary bo<l\ 
are such as to sugf^est that the anterior lobe furnishes some luateiial 
to the ])osteri()r lobe, and it is tlien^fon' possihh^ that lh<‘ post<*rior 
lobe iiianiifaeturesintuitrin from tethelin supplied t<i it by th<‘ ant<'ri<»r 
lol)e. 

A nitrogenous base of unknown eomposition apjiears to h(" th<‘ aeliv<' 
principle in acidified aqueous extra<*ts of intestinal min^osa whieli 
stimulates the secretion of Pancreatic Juice wluai thcs(‘ (‘Ktra<*ts an* 
injected intravenously. The substance which is known as Secretin 
is insoluble in neutral water, soluble in dilute a<*i<ls and pn^cipitahle 
by mercuric clilc)ri<le and by ])icri<* a<*id. 
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CHAPTER X. 


THE IIYI>UOLYZlN(} ENZYMES 

GENERAL CHARACTERISTICS OF THE ENZYMES, 

Disacciiahides in iiquoous solution nro liy<lroly'/<‘<l by iniiu*ral a.ci<ls 
in a<*cor<laiu*e with tlu‘ o(|usition 

<vn«2()ii h list) 

Any ii(*i(l will act upon any <lisac(‘luiri<lc, but the ini(*nsity or Velocity 
of Hydrolysis varies somewhat with tbe natun^ of the aei<l and of tli<‘ 
ilisaceliaride. 

The law whu'h c‘onneets the time ami lh(‘ c‘\t<‘nt of thc‘ liydrol>sis 
of eane-sugar by a<*i<ls was (irst formulated by Wilhelmy in I.SoO, who 
show'cd that at rirrij uinsUint the mmv perrenhuje of ilir hlf/inta unvhnnunl 
sugar vt hydrolyzed per second. Thus, if to Ix^^m with wc hav(‘ 100 
]>arts of suf?ar, and of this 5 parts are liy<lrolyz(Ml m a inh‘r\al 

of time, we have now' Of) parts of unchange<l snjj^ar left, and in th<‘ 
su<*eeedin{r interval five hundredths of tins will 1)<‘ hydroIyz<‘<l Tin* 
transformation, therefon*, proeecxls in the following nianiu'r 
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Tu other W'ords, unit-mass of sugar, or 100 mole<*uh*s of sm»ai, 
alw'ays decomposes at the same rate, no matt(T how nnn h or how 
little sugar, L e., how many units or what fraction of a. unit, is pn*sent 
in the given solution at the moment. If a gram-moh'cnh* of sugar In* 
present, just the same percentage of sugar-moIecult*s will lx* nn<lt*r- 
going transformation per second as when 5 gram-mol<*<*ules of sugar 
are present; but in the latter case the total amount of transformation 
observed per second will be five times as great as in tiu* foriiu*r. 

The rationale of this law, whieh is know'ii as WiUielmy’s Law, may 
be niade clear in the following way: In every instant innuin(*ral>lV 
collisions are talcing place between sugar-inolccxiles ami wator-moki(*ul<‘s. 
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Only a small proportion of these collisions are effective in accomplishing 
the breaking up of a disaccharide molecule. The proportion of effective 
collisions is, however, the same no matter how many sugar-molecules 
may chance to be present. We may picture to ourselves, without 
seeking to employ tihie analogy too literally, the rfFective collisions as 
“head-on” collisions, the ineffective collisions being “glancing.” 
Each sugar-molecule is independent of all the rest, and its chance of 
achieving an effective collision with a water-molecule is the same as 
that of all the rest. Suppose every thousandth collision is effective, 
i. e., yV of 1 per cent of the total collisions per second. If the solution 
of sugar be 2-molecular, the total number of collisions per cubic centi- 
meter per second will be twice as great as when the solution is 1-moIecular, 
because there are twice as many molecules of sugar in a given space. 
In each solution the percentage of effective collisions is the same. 
Out of 1000 collisions in a 2-molecular solution 1 will be effective, and 
out of 1000 collisions in a 1-molecular solution 1 will also be effective. 
But as there are twice as many collisions per second in the former as 
there are in the latter solution, there will also be twice as many 
effecUve collisions per second, and the amount of sugar transformed in 
a second, i. e., the Velocity of Hydrolysis in the 2-molecular solution 
must be twice as great as it is in the 1-molecular solution. 

This very simple relationship may also be expressed in an algebraical 
formula: 

Velocity of hydrolysis = k(a — x) 

where (a — x) is the mass of unaltered sugar at any instant, being 
the initial amount and the quantity which has already undergone 
hydrolysis at the moment of observation. The constant “k* ’expresses 
the constant ratio which, as we have seen, subsists between tlie mass 
of unhydrolyzed sugar which is present and the velocity with w^hich 
hydrolyzed sugar is making its appearance. It is, in fact, the velocity 
of liy<lrolysis when (a — x) = 1, that is, when tlie mass of unconverted 
sugar is unity, 1 gram-molecule, or 1 gram, or whatever mass we 
may arbitrarily choose as a unit, provided we measure all the quantities 
ill the equation in terms of the same unit. Also, and this is very 
important to notice, the constant '"k"’ is a direct measure of the per- 
centage of effective collisions between sugar-molecules and water- 
molecules, for if the percentage of effective collisions be doubled by 
any means, tlien tlie velocity of hydrolysis must obviously be doubled 
also. In the equation: 

Velocity — k(a — x) 


if the term “velocity” is doubled in magnitude, while (a — x) remains 
unaltered, then k must have been doubled in magnitude. When the 
percentage of effective collisions is doubled, therefore, k is doubled, 
and so forth. 

We have hitherto not considered the part which the Acid plays in 
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ulxMii thr hydrolysis. Noiitral \vat<‘r only liyclrol>z<\s suKar 
oxtn^inoly slowly, so slowly that thr velocity is iu‘^Ii|^ihl(‘ in ('canparison 
with tlio v<‘l<>(‘ity of hy<lrolysis in a<*i<l solutions. At tiu* <*(Mni)h‘tion <»f 
hydrolysis tin' a<‘id is unaltorod and is a.vail!d)h‘ for hrinfj^iuK about 
I'urthnr and, a|)pur(‘ntly, unliinittMl hydroI,Nsis. "riu* achi <loas not, 
theroforo, communic^att' any rnrnji/ to the systoni; it nuTrly iurn^asrs 
tlu^ licr<Tuhujc of vffevlivr of inol(‘fulos of sugar with inolc*- 

culos of wat(T. Su(*h an action is tt‘r!nc<l a Catalytic Action, an<l tlu* 
agent which brings about the a<*<*olmilion, in this nistaiUT th(‘ a<*i<l, 
is terinc<l a Catalyzer or Catalyst. ‘'PIic Mechanism of Catalysis is, in 
this instaiu‘c, not perfectly <*loa.r, but judging from the analogy afVonh'd 
by the mode of action of many other catalysts, we may <'(»nchi<U» that 
a eompouiKl of the disaccharid<‘ with a<a<l is fornuMl and that it is this 
compound w'liich a(*tually umiergoes hyilrolysis. In many cast's (»f 
cutailysis such compounds of the catalyst with the suhstanci' umh'rgoing 
decomposition, or Substrate, have been isolate<l and idt'ntific'd, so that 
we feel justifie<l in assuming that if su<*h (‘om]>ounds a.r<' not rea<lily 
<letoctable in an instance of catalysis such as that alVonh'd by the 
hy<h*olysis of cane-sugar by acals, tins reason is that only a minute' 
trace of the coinpound of the (*atalyst and tlu' substrate is pn'sc'ut in 
tin* mixture at any moment. 

The quantity of the corniiound of the subslrati' with tlu' catal,\.st 
which is present at any moment in the mixture must, how<'\<'r small, 
be proportional to the concentration of tlu' catalyzer and also to tlu' 
concentration of the substrate, for if two substan<*<'s, A an<l />\ <‘ombin<' 
to form a third, .1 li, the (juantity of this compound foniuMl must Ix' 
<leterinine<l, as the Guldberg and Waage Mass Law r(‘<piin's, h.s tin* 
eipiatioii: 

Mass of A X iiiaHs cX U rotistatil itinv. ot V It 

Jf, then, the con<*ent ration (= mass per unit-volunu') of tlu' <*atal.N zi'i* 
Ix' kept constant, the ([uantity of the su]>strat('-eatalyz('r coini)oMnd, 
in this instan<*e the <'omj)ound of <*ane-HUgar with acid, must Ix' dir('<*tl\ 
proi)ortional to the coiieentratiou of tlx' still unalt('r('d eaiu'-sugar an<l 
decrease as it <lecreases. Since, for all i)ractical purpose's of nu'asiin'- 
ineiit, it is only the moh'cules of sugar-acid compound \vhich ari' uixlt'r- 
going hydrolysis, it follows that the velo<*ity of hydrolysis must, if tlu' 
same proportion of these compound molecules is deeomp<»S('<l in ('a<*li 
instant, fall off in direct proportion to the eoiu'f'iitration of still un- 
altered sugar, or, in other words, the eciiiation: 

Voloc'itv of livUnilyniH k(a X x) 

must liold good for a catalyzed as for an uncatalyzed hy<lrol.vsis, so 
long as the concentration of the catalyzer is kept imult(‘rod. 

Since the quantity of tlio acid-sugar coinpotind is also proportionate 
to the concentration of the acid, it follows tliat with varying coiic<*n- 



GENERAL CJIABACTEBISTICS OF THE ENZYMES 


221 


trations of acid the velocity of hydrolysis must also vary directly 
with the concentration of acid. In other words the value of “k” in 
the above equation is directly proportional to the concentration of 
catalyst, or: 

Velocity of hydrolysis « kf(a — x) 

where “f” is the concentration of the catalyzer. In fact so accurately 
does this relationship obtain that the ratio of the velocity of the 
hydrolysis of cane-sugar to its concentration is very commonly em- 
ployed as a means of measuring the quantity of free acid (—hydrogen 
ions) which is present in a solution. 

So much for the hydrolysis of cane-sugar and of other disaccharides 
by acids; but cane-sugar is also hydrolyzed by an Enzyme, to wit, 
Invertase. This enzyme is found in yeasts, in certain moulds and 
bacteria, in green leaves and young twigs, in some fruits and in germi- 
nating grains. In mammalia it is sometimes found in the human 
gastric juice, but not in the gastric juice of cows. It is also found in 
weak concentration in other organs. It may be extracted from yeast 
cells witli water, provided the cells have previously been subjected to 
the action of some Plasmolyzing Agent, or agent which will break up or 
enhance tlie permeability of the limiting membrane of the cell, such as 
alcohol or ether. The invertase can then be precipitated from its 
wateiy solution by alcohol, and this precipitate, in nearly neutral 
solutions in which hydrolysis would otherwise be excessively slow, 
rapidly decomposes cane-sugar into its constituent hexoses 

It should be clearly understood that, as in the case of the other 
enzymes, we possess no clue which enables us to decide whether there 
is only one or whether there are many iiivertases. We do not know 
anything whatever concerning the chemical composition of invertase. 
Our only means of recognizing this enzyme is by the property which it 
possesses of hydrolyzing cane-sugar, giving rise to Glucose and Fructose 
Any agent which can be extracted from living tissues which does this 
anti is inactivated by high temperatures we call invertase. It is quite 
conceivable that many different substances (*an iiccomplish this 
hydrol;y^sis. The activity of an invertase preparation is no guide to its 
indivitluality, because in the absence of any knowledge of the chemical 
properties of invertase we cannot estimate tlie purity of any prepara- 
tion. We can recognize certain impurities, such as phosphates, pro- 
teins and so fortli in a preparation of invertase, and we can remove 
some of tliem, wholly or partially. But when easily recognizable 
impurities have been removed, we cannot tell whether tlie residuum is a 
pure material, that is, a chemical individual, or a mixture of different 
substances of which perhaps one is active or, perhaps, many. Could 
we discover any chemical resembling invertase in its solubilities and 
in its sensitiveness to temperature and so fortli, and possessing the 
action of invertase, we might be inclined to claim an identity between 
the two and then analysis would give us a criterion of the purity of any 
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given inverUisc in'cparution. But nt present we have no su(*h criterion, 
an<l w(i (*a.nnot say whetluT a given preparation of invcTtast* is a single 
or a multiple preparation, or whether it contains 1)0 p(‘r <*<uit of inver- 
taso and 1 i)er cent of iinpuriti<\s, or, on tlu* <*ontrary, I p<T ct*nt of 
iiivertasi* and 1M) per c<‘nt of inipuriti<‘S. 

In this eonneclioii the proi)erties ami ])('culiarities of invertast* may 
be regarded as illustrative of the iiecniliarities which distinguish lu^arly 
all of the enzymes. The same diineulties are encount(‘r<Ml in th<‘ study 
ofeacli of the enzymes in turn. It might be iinaginiMl that th<‘ problem 
of extracting a.n enzyme in jHire (condition from a <Tude pn^paration of 
I)roved activity could be attacked in a manner analogous to tliat 
employed in the original <lis<*overy of radium; by employing a varitdy 
of precipitants and .solvents to fractionate the crud(‘ preparation, rej<‘ct- 
ing the ina<*tivc an<l retaining the u<‘tive fraction in ea<‘h su<*<*<\ssiv<‘ 
stage of the process, irnfortunately, howewer, it is fouml that almost 
ev(^ry eheini(*al pro<*edure which we may <‘inploy rc^sults in soin<* toss 
of activity by the enzyme. If a fraction of the origiiia.! <Tnd<‘ pn^pa- 
ration be pre<‘i])itate<t out from the rest it may be fouial, for e\ainpli‘, 
to contain an amount of active fcTinent <‘<)rr<\sponding to Hi) p<‘r e<*nt 
of the amount which was present in the (‘rud<" preparation, \\hih‘ tlu* 
residue, after the separation of the pre<*ipitate, may be fonial to <*ontain 
none of the ferment whatevcT. In this way su<*(*essi\ pn)c<\ss<\s of puri- 
fication involve successive losses until the activity of the preparation 
ultimately disai)pears altogether. It is for this n'asoii that tiu* morc^ 
impure preparations of the various soluble enzymes are usually mori‘ 
active than those preparations which are relativc^Iy “pur(‘,” /. c., c^ontain 
a smaller variety of substances. 

We have referred to the fact that many dilb^nMi-t (Miz,\mes nia\ lx* 
mistakenly regarded as one if they <*haii<*<* to poss(*ss a eommoii action 
As an illustration of how an enz>me reganhxl as a singh* <*li<*ini<-al 
iinlividual may hecoine, with increased accpiaintanci*, recogiii/.c<l as 
multiple, we may cite the Trypsins. enzyin(*s which have* this in < <)in- 
mon -that they liydrolyze proteins an<l peptones in fain(l> alkaliiu* 
solutions. Until recently no means of distinguishing l)c*t\\(*(*M dif- 
ferent trypsins were known, and trypsin was tacitly assiiin(*<l to lx* 
one ferineiit and only one. Now the inv(»stigations of Kinil Kis<*h<*r 
and of Abderhalden have shown us that there are many trypsins winch 
dilVer from one another in the relative oas<i with wlii<*h th(*y atta<-k 
diirerent peptide linkages. 

As the above considerations might lea<l us to anti<*ipate, our knowl- 
edge of the chemical nature of the enzsrmes is very scanty, '^riu* ])ur(\st 
proteolytic enzyme i)reparation is i)robably the Pepsin i)rei)ar(*d by 
Pckclharing from the gastric juice ol)taine<l by the “sham feeding” df 
an animal provided with an esophageal and a gastri<‘ fistula. 'Tin* food 
is recovered from the esoidiageul fistula before it (‘liters and <*oiitami- 
nates the stomach, and the pure juice is colioeted from the gastric 
fistula. When this juice is dialyzed a granular precipitate is deposited 
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which is proteolytically active and free from phosphorus, but it yields 
purine bases and a pentose on hydrolysis. It is possible to obtain pro- 
teolytically active Pepsin and Trypsin preparations which do not yield 
the protein reactions. On adding a solution of the dye Safranin to a 
very faintly alkaline solution of trypsin free from protein, a deeply 
colored flocculent precipitate is produced which only settles extremely 
slowly and may readily be overlooked unless the mixture is centrifuged. 
This precipitate constitutes only a very small fraction of the total 
material, but it contains the whole of the proteolytic agent. The fluid 
from which it has been removed is no longer proteolytically active, 
while the precipitate, despite its insolubility in water, is able to rapidly 
bring about the hydrolysis of protein. Unfortunately, the compound 
of safranin with trypsin, once formed, is broken up wi^ diifficulty and 
it has not yet proved possible to dissociate the trypsin from the safranin 
without destroying its proteolytic activity. 

The Lipases, or fat-splitting enzymes, are believed by Falk to be pro- 
teins or polypeptides which have undergone a tautomeric change of 
atomic structure, for he finds that by subjecting polypeptides, or the 
split-products of partial hydrolysis of protein, to the rather prolonged 
action of alkalies they acquire lipolytic activity. He suggests that the 
alkali brings about a conversion of the keto-form of the — CO — HN — 
linkages into the enol form, — C(OH) =N— . We have seen, however 
(Chapter VIII), that this enol form is regularly present in solutions of 
protein and confers upon them their- power of neutralizing alkalies. 
It cannot, therefore, be responsible for the effect observed by Falk, 
because alkaline solutions of proteins or polypeptides do not exhibit 
lipolytic power until after a considerable period. It will be recollected, 
however, (p, 188) that prolonged treatment with alkalies has been 
shoA\ n by Dakin to induce Racemization of many of the peptide linkages, 
and tliat this has been traced to the formation of an alternative and 
more stable enol linkage. 

I I I 

— C’H— C(OH;=N ^ HN ► _c==r(OH)—HN— 

Opt K ally aGti\ o Optically active OpticalH mai ti\ o 

enol form kcto-forni enol form 

(normal) (intermediate) (raccmized) 


It appears probable, therefore, that the acquirement of lipolytic acth ity 
by protein split-products after prolonged treatment with alkali may be 
associated with their loss of optical rotatory power, due to the formation 
of the optically inactive enol form of peptide linkage. 

The enzymes are, as a rule, destroyed, or, at least, inactivated by 
high temperatures. But this is by no means a rule witbout exceptions. 
Thus several of the oxidizing enzymes, or Oxidases, regain their activity, 
lost by heating, when the solution is allowed to stand for some time 
at ordinary temperatures. According to Gramenetski the same phe- 
nomenon may be displayed by certain Diastases, or starch-splitting 
enzymes, and even in some measure by Trypsin. The vegetable 
Proteases, or protein-splitting enzymes, sometimes withstand higher 
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tei!ip(T 4 itur('s tliiiii tlie corrospoiKliiiK onzynios of animal origin, mal 
Karl Moy(‘r lias drawn atti^ntion to the ratlier e\iraor<!imu\y fact that 
the Trypsin which is produced in ciillure* nu‘dia by linriUui^ 
will withstand hcatinij: for fifteen iniiniies to lOCT ( \, alth<>u]u:h it is 
desiroye<i within thirty minutes at Tib® ( \ This looks rather ns thoiijjch 
a trypsin-s])littiiij? hTinc^nt also existed in tluj culture* ine^elium, for 
whieli the optimum teunperature* is aliont f)!)®, and which is elestroyed 
by hijjfher t('‘inj)eratures mon* raphlly than tr\j)sin itsedf. 

It would, tlier<*fore, be very unsafe* to infer because* a sulistance* doe*s 
not Ie)se* its (*haraet<Tistic activity of seam* type or othe‘r wh<*n it is 
heate*d, that it is t!u*relore not an e'liKyme*. It woulel be* still me)re* 
unsafe*, of ce)urse, to infer that it is an e*nzyme simply b<*e‘ause it is 
*‘inactivate*el” by he*at. "S\*t beith e)f the*se inre*re*ne*e*s, nnfe)rtunate*ly, 
have neit infiTepiently be*e*n niaele in bioleigical anel bioe*!u*inie*al inve*sti- 
^^atienis. In eleedelin^ wh<*ther eir neit a substan<‘c eir mate*rial shemid 
1)0 (‘lasse*el as an <‘nzyme*, we shoulel be gmele*d, rathe*r, l)y its t/tfnnfifaitvr 
relatie)nship toward the* partie'ular a<‘tivity whie'h it ehsplays. ''Fbe* 
t*nzyin(*s are* usually eflee'live* in re*lative*ly minute* ce)nce‘ntration. It 
hasbe'e*n <'stimnt<‘<l, fe>r example, that a ce*rtain Rexmm, e)r inilk-< (>a^;u- 
latinj; enzyme pre*|)aratie)n, will e*onve*rt lU) le»ss than 000,000 time's its 
weight e)f e‘ase*in inlei the coagulating fe)rm, paraca.s<*in, anel a pre*para- 
tiem of jx'psiii has be‘e*n e>btaiiK‘el whi(*h will hyelrol>ze* to pe*ptone*s 
100, 000 limes its w'edght eif fibrin '’Fhe e*\ce*ssiNe* ame)nnt of change* 
which may thus be breaight abeiut by re*lative*l,\ minute* prope)r(iems e>f 
enzyme's alineist e*ompe*ls the assumption that the*.\ are* neit consume*d 
during the ]>re)gre'ss of the change's whic'h the*> a<‘e*e*lerate*, for eithe'rwise* 
the e'lizyme weiulel preibably be “use*el up” long be'fore* se) nnme*nse* a 
propeirtion e)f change hael be*e*n ae*e*e>mplishe'el It is, howe*V(*i, impos- 
sible at the ])rese'nt stage* e)f enir kne)W le*elge* to submit this suppe)sition 
to rige>rous in\ estigatie)n, be*<*ause* the* \arie)ns h\ elre)lyzing enzyme's, 
at all e'vents, are the*mse*lvt*s e*hemie*4ill,\ unstable* substance's anel 
unelerge) spe)ntane*ous translormatie)!! re'sultmg in mactivatiem e)n 
staneling in a(jiK'e)US se)lutie)n. The'y are* e*arrie'd ele)wn le)ge*the*r with 
any pre'cipitate*s wliiedi may be fe)rme*el in the* <lige*stie)n-mi\ture' and 
are not infrceiuently partially be)iinel by eir e’ombine*d with not e>nly the* 
substrate but also the pr<)elue'tse)f hyelre)lysis. Any che*mie‘al proe'e*elure' 
elcsigiK'd to isolate anel rece)ver the*e*nzyme* fre)m a elige'st in whiedi it has 
been operating we)ulel inveilve le>ss e)r impairme*nt e)f the* e'lizyme* e'Ne'ii 
if it had been dissolve*ei in distille'et water inste'uel of in a se>lutie>n e)r the* 
substrate which it attacks anel e)f the produe*ts of its hyelreilysis. Ne> 
attempt te) rciseilate an enzyme afte*r it lias a<‘te<I upein a me*a.sureei 
amount eif substrate, in orelcr to eletermine the* leiss of activity it may 
or may liot have sustained eluring the reaction, can peissibly he su(*e<'ss- 
ful, therefore, in the present maeleciuate state of our kne)wh*dge and our 
manipulative leehnie. 

It has been found by Rosenhehn tliat tlie Lipase in a glyt»eroI extra<*t 
of pancreas may be separated into two portions, tlie one a iilterablc 
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portion, the other non-filterable. The non-filterable portion is pre- 
cipitated by dilution of the extract with water. Either of these 
substances, by itself, is unable to split fats, but the mixture of the two 
is energetically lipolytic. The non-filterable substance is inactivated 
by heating, but the filterable substance is thermostable, and a ther- 
mostable substance capable of similarly activating lipase is found in 
blood serum. A substance which acts in this manner, enabling an 
otherwise inactive enzyme to become active, is termed a Co-enzyme. 
A similar part is played by Phosphates in the alcoholic fermentation of 
glucose by the Zymase in yeast. Here the necessity for the co-enzyme 
is believed to arise from the fact that it is not actually glucose, but 
Glucose Hexaphosphate which is split by zymase. 

A variety of the hydrolyzing enzymes are not only inactivated, 
temporarily or permanently, by heat, but also by exposure to light, 
and particularly to ‘Ultraviolet Light. Solutions of enzymes are also 
temporarily inactivated by intense agitation of the solution of such a 
character as to give rise to excessive formation of foam. It is then 
found that the enzyme has become concentrated in the foam and is 
restored to the solution when the foam subsides. A portion of tlie 
enzyme also, under these circumstances, becomes temporarily attached 
to the surface of the containing vessel. This phenomenon is not 
peculiar to enzymes, however, for it is exhibited, in greater or less 
measure, by all those substances which, when dissolved in water, reduce 
the Surface Tension of an air-water interface. For example, it is dis- 
plaj'ed to a striking extent by the various Saponins and by Bile-salts. 
(See Chapter XIII.) This liability to become concentrated at liquid 
surfaces is probably the explanation of the striking tendency, to which 
reference has already been made, of the various hydrolyzing enzymes 
to be carried down in association with precipitates which form in 
their solutions. They are similarly “adsorbed” by such substances as 
animal charcoal or by insoluble proteins. 

THE QUANTITATIVE RELATIONSHIPS IN HTDROLYSIS BY 

ENZYMES. 

We have seen that when cane-sugar is hydrob'zed by acids the 
relationship between the amount of unaltered sugar in the system and 
the velocity of change is rather a simple one. The two quantities, the 
amount of unaltered sugar and tlie velocity of decomposition, are 
simply proportional to one anotlier and stand in a constant ratio to 
one another tliroughout the reaction. The case is not so simple when 
the hydrolysis is brought about by Invertase. It mil be recollected 
that we regard the rapid hydrolysis of cane-sugar by acids as being due 
to tlie formation of a compound between the cane-sugar and the acid, 
this compound being very easily attacked by water. At any instant 
the percentage of acid thus combined is almost infinitesimal- The 
amount of this compound is, as usual in such cases, directly propor- 
X6 
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iional to the coufcntratious of its (><»nii»oiu‘iits, tli<* a<“i<l uiwi tla* sufjtar, 
so that we liavc: 

C'oiiocnI.iJliion of HUKJir-Jwitl oninpound coiiMfuiit >' lafjnn <»f jwid 

X conotnitiutioa of hujcju 

The velocity of hydrolysis is ])roj)orlionnl, at <‘v<‘ry institot, to tlu* 
coiKTiitralion of that ]M)rtion of th<‘ sii^ar \vhi<-h is a<*f ually undcTf'oiti}' 
hydrolysis, i. r., the suf'ar-ac-hl eoiiiiartiml, and so w<* have: 

Vol(»<*i(.v' of liydiolvHis ooiihtfint X couctMiindioii t>i .sur..'W afitl rt»mptMiiid 

('omhiniiifi: the two f'fixiatioTis avc find that: 

Volooiiy of hv<l*oWHiH - k X <’oiicoid.nif.w>n of fintl X <*t»Uft»idi!ihon of .*nu'.ir 

For any jjjivcn coiKvntrathm of acid, therefore, sin<*<* tlic {i<’i<l is not. 
eonsuined at Jill «luring the rtnietion, we have: 

Volocilv of hv<li<»IywM kla \) 

wher<‘ (a— x) is the concentration of nnhydrolyzc^d sugar at an.\ instant. 

The case *Nvould be very <ntrercnt, howcv<T, if nion‘ than a tra<‘c of 
the catalyst, were <*oinhined with tlie sugar Supposi*, for t‘\ainph*, that 
in the early stages of the reaction all of th<^ <*atalyst w<‘r(‘ <*oinl)in<'<l 
with the sugar, then, so long as there wcTe c^nough sugar pn\s<‘nl to 
coinhine with all of the catalyst tin* ainonnt of the catalyst-sugar 
compound wouhl always be the sain<MiaiiK*ly, th<M*h<‘nn<-al <‘<|ui\al<‘nt 
of the amount of the catalyst in the iniKtur<‘. Hut since this is tlu^ 
only portion of the sugar which hydrol;^zcs at any m<‘asural)l<‘ rates the* 
velo(‘ity of hydrolysis would in that event he <»onstant. 

This will, of course, only hohl good so long as tln‘ sugar which is 
still unconverted is sxiflicient to eoinbine with nU of tlu^ <atal.\ z(‘r. 
As the reaction i>ro<*ccds, however, a point will b(‘ n^acluMl at wbn-h 
the amount of sugar is insullicicnt to bind all of the^ c’atal,\z<‘i Aft(*r 
this point in the reaction is r<‘a<’hc<l, the amount of th<‘ catalyst bounel 
by the sugar, an<l tluTcforc the v<»lo<*ity of hydrolysis of the* sugar, w ill 
become ])r()gressively less as tin* eonversion proce^e'ds In fact it will 
obviously be cepial to the (jxiantity of sugar w'hich is still uiicon\<Md<‘<l, 
aiul again w'e shall have tlu' n'lationship: 

Velocity of liy<hoIyHiH — k X csoiHViitrnlKiii <»f wiihvdiolv/.<*d 

for any j;ivcu ])r<>])ortion of acid ])reson< in tho inixtun*. 

These eoni])liealions, as has lK*en iinplit'd above, arc* not obsc'r%c>d 
during the hydn)ly.sis of cane-sugar by acids because the* jiroporlion of 
acid wbieb is at any instant bound by the sugar is so sninll lliat it has 
not as yet been cpiantitatively cstiniutc*!]. IJut when Invertase is the* 
catalyst instesul of acid, we meet with precisely the conditions which 
we have outlined. When the proportion of sugar to invertase* is iiigh, 
all of the invertase is bound by the sugar, and the portion of the* sugar 
which is thus combined is tlie. only portion which undergoes hydrolysis 
at a perceptible rate. Under such conditions, for a given {*ou<*<‘ntratioii 
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of invertase, the rate of hydrolysis of the sugar is constant^ while for 
varying amounts of invertase the velocity of hydrolysis is proportional 
to the concentration of invertase employed. Algebraically: 

Velocity « kF 

where is a constant and is the concentration of the invertase. 
As the proportion of sugar to enzyme falls off, however, a point must 
be reached at which the remnant of sugar is insujBScient to bind all of 
the invertase. At this stage of the reaction, therefore, or if the pro- 
portion of sugar to enzyme is small to begin with, the reaction-velocity 
begins to fall off as the reaction proceeds, in accordance with the 
formula : 

Velocity kF(a — x) 

the numerical value of “k” being different in the two cases because, 
in the latter case, the “k” includes the equilibrium constant for the 
reaction : 

Sugar 4- catalyst bugar-catalyst compound. 


Turning now to the question of the relationship of the Quantity of 
Substrate hydrolyzed to the Time of Hydrolysis, it is at once manifest 
that if the relationship 

Velocity ~ kF 


holds good, then, the quantity of sugar decomposed in each unit of 
time being the same, the quantity “x’’ decomposed after time “f* 
must be given by the equation: 

X * kFt 

In the more general case in which the relationship obtains: 

Velocity = kF(a — x; 

the relationship between the mass of substrate transfoiTned and the 
time occupied in the transformation may be found by a simple opera- 
tion of tlie integral calculus to be: 


log® = kFt 

a —X 

The following results are illustrative of these two types of relation- 
ship: 

Invertase on cane-sugar (A. J. Brown) Concentrated Substrate: 


Grams of cane- 


X 

sugar per 

Grams of cane-sugar 

K = - 

100 cc. 

inverted in 60 minutes 

fc 

40 02 

1 076 

0 179 

29 96 

1 235 

0 206 

19 91 

1 355 

0 226 

9 85 

1 355 

0 226 

4.89 

1,230 

0 205 
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In certain instances yet another type of relationship between the 
amount of transformation and the time may be observed. In the 
clotting of milk by Rennin and in the hydrolysis of proteins by Pepsin 
we find that the mass of the substance transformed is connected 
with the time ‘'t/’ the initial concentration of the substrate and 
the concentration of the enzyme by the relationship: 

X = k\/ aFt 

which is known as the Schiitz-Borissoff Rule. The rule only holds good, 
however, during the earlier stages of the hydrolysis and before about 
50 per cent of the substrate has been hydrolyzed. Arrhenius has 
found that an exactly similar relationship obtains between the time 
and the extent of the transformation in the hydrolysis of ethyl acetate 
by ammonia. He accounts for it by the fact that in this instance, and 
presumably also in pepsin-digests, the catalyzer is bound and inacti- 
vated by one of the products of the hydrolysis; thus ammonia combines 
with the acetic acid which is liberated by the hydrolysis of ethyl acetate, 
forming ammonium acetate which exerts no catalytic action. 

There is, indeed, much evidence to show that enzymes enter into 
combination with the substrates which they decompose and the 
products which result from their decomposition. The sensitiveness of 
enzymes to high temperatures and other deleterious agents is much 
diminished by the presence of their substrates, while the accumulation 
of the products of hydrolysis retards digestion, not merely because of 
their mass-action, which facilitates the opposing reaction, but also 
because they combine with a proportion of the enzyme and thus render 
it unavailable for the promotion of the hydrolysis of the substrate. 
Tlius, Onslow has pointed out that the precipitate which is produced in 
a digest of Casein by the addition of mercuric sulphate contains a 
number of amino-acids united with Tryptophane to form polypeptides. 
These are very difficult to split by Trypsin or Erepsin, in tlie presence of 
the otlier products of digestion, but they are very easily split when 
isolated. In other words, the other products of digestion bind tliese 
proteolytic enzymes and prevent them from attacking the polypeptides. 

If we differentiate the above algebraical expression of the Scliutz- 
Borissoff rule we obtain 


<lx k® aF 

— velooitj of diohhis = — — 

dt 2 3 l 

from which it is evident that the velocity of hydrolysis is inversely 
proportional to its extent. We can account for this by supposing 
that the enzyme combines with a product of the hydrolysis to form an 
inactive compound according to the equation: 


Free enzyme + product = mactive compound 
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iin<l that the eoiK^entpatiou of oii«yin<* is so small <*ompanMl with t lint of 
the suhsirato that in the first few iiioiuiMiis afh^r <liji;<*.stion hns Ik‘^iiii 
the coiin^iitratioii of the inactive (Mmipoiiml is nc^arly equal <o the 
whole of the initial concentration of the enzymi*.* (race of fret* 

and a(*tivc cMizyinc which then remains will Ix^ ^;ivt‘n hy 


C%>iu‘i*iiti!ilion <>i fMH^ iMizvine 




itiiUal 14*11 4>i 4»n/.\ nil* 

4*iin(M*nti:iti4iii ni pi(*4iu«'< 


or, expressed algt^hraically: 

( ’«»ii<*<*iitr.‘itu>ii «>f fm' oiixytiH^ 


kK 

X 


The actual velocity of hytlrolysis must he proportional (o tin* ctm- 
eentratiou of active catalyst anti also to the ct>nct*ntra(ion of nn<*on- 
suin(*<I substrate; henct* wt* havt*: 


kl*' 

4»f liv<li4ilvrtiH k*<a — \) 


where is a i)roportionaUty factor which <hlf(*rs in in(*anin#; anti 

inaKuitutle frtuu “k ” 

The iiit(*^ratioii of this equation would It^ad to tin* n*Iationship 


:i X kKt 

H - \ 


which can he shown in many instance's to h<* tin* r<*la(n>nshi|) which 
at'tually dot*s obtain. When \ is small, how(*V(*r, that is, in tin* early 
sta^j;es of the <li^i*stion, “a is iu*arly tspial to “a” and tin* \(*lt>(*it\ 

e(|uatLon becomes; 

V<»l<)<*llv' <»t HI*! 


while the iiitefijrated expression becomes. 

X - \/2kKja 

which is the Schtitz-Iiorissoir rule. 

The following is an instance of the appli<‘ahility of these r(*lat ionships; 

^ The»o cozuUtiouH oliviouHly tlo not hold in a inixturo of oUiyl aatl aininoiiia, 

but the pioKrcSHive luodilication of tho (doctroiytiu diMrtociation of tin** ro.sMmU aintnoiua 
by tho aminoiuuxn uootato which is formed duriuK tha loactiou bniiKH about Vi*ry Himilai 
quantitative rclatioziHhii>8. Tho conditions depicted, however, c*orn*Mi)on<i imudi iiionn 
closely to thoBO which wo may reasonably oxpoct to obtain in a mixture such an that 
fumitdiod by a popsin-diKost than to those which actually obtain in a mixturi* of ammonia 
and othyl acotato. 
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Digestion of Egg-albumin by Pepsin followed by the Changes 
IN THE Electrical Conductivity op the Mixture (J. Sjoqvist). 


a 

log X 


Hours 

Protein 

digested 

a — X 

ka 

t 

-* 

•> 

2 

. . 10 5 

3 0 

7 5 

4 

16 4 

3 8 

8 2 

6 

19 9 

3 8 

8 1 

8 

22 7 

3 8 

8 0 

12 . 

27 0 

3 7 

7 7 

16 

30 4 

3 6 

7 0 

20 . 

33 7 

3 7 

7 5 

32 

40 0 

3 4 

7 1 

48 . 

45 1 

3 2 

0 5 

64 . 

50 8 

3 1 

G 3 

96 

57 4 

2 8 

5 9 


Both formulfle give tolerably uniform values for the constants, but 
those obtained by the complete logarithmic formula are more nearly 
uniform than those obtained by the employment of the partial expres- 
sion, the Schutz-BorissoiBf rule. 

Whatever may be the relationship between the extent of transforma- 
tion and the time which may chance to obtain in a given instance of an 
enzymatic hydrolysis, one quantitative relationship remains invariably 
true, namely, that the time required to attain a given amount of trans-- 
formation of the substrate is inversely proportioruil to the concentration of 
the enzyme. There appears to be no deviation from this rule which is 
not immediately explicable by decomposition of the enzyme or such 
adventitious factors as fluctuation of temperature, reaction and so 
forth. The following are instances of the applicability of this, the 
only universal rule which has been found to govern the action of the 
hydrolyzing enzymes: 


Time Required to Liquefy Gelatin Hardened by Thymol with 
Varying Quantities op Trypsin (Madsen and Walbum.) 


ss cuncentratiiiii 
of trypsin 

t » time required 

111 hours 

Ft 

0 105 

0 5 

0 052 

0 050 

1 0 

0 050 

0 027 

2 0 

0 054 

0 020 

3 0 

0 000 

0 015 

4 0 

0 060 

0 011 

5 0 

0 055 

0 009 

0,0 

0 054 

0 0072 

8 0 

0 058 

0 0060 

10 0 

0 060 

0 0037 

16 0 

0 059 

0 0032 

18 0 

0 058 

0 0027 

20 0 

0 054 

0.0025 

22 0 

0 055 

0.0022 

24 0 

0 053 
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THE INFLUENCE OF TEMPERATURE UPON ENZYMES. 

The cHVet of iiierensiiig leinjx'niture upon tin* hydrolyzii:#; 

en 7 iyTnos is to n<*<*eliu‘ate th(‘ir a<*tion. This faxornhh* iiilhuMux* is, 
liowov(T, limit<‘<l by the fa<‘t that after th(‘ tein|)(M*atiin‘ a 

<*<‘rtaiu apfiunwi th<‘ auto-inaetivation of the* (‘U'/ahun which always 
takes i)la<*e at a pere(*ptihh‘ rate in ('ir/ynie-solutions, cwcui at ordmar.N 
t(uuj)eratures, he(*oines so rai)id as to more than eonntcM-halanee iIh‘ 
aeeeleration of its hydrolyzing action. Th<‘ Optimum Temperature for 
en/yin(‘ a<*1ion vv'as forin<‘rly snppos(‘d to Ix^ a. <‘hara<‘tensti<* of <‘a<‘h 
enzyme, distinguishing it inon‘ or less sharply from otlnx* (Miz.vnn^s 
We now recognize*, how(‘V(*r, that wlule in sonn* ni(*asun* the* optimum 
t(*in])eratnr(* does <*haract(Tiz<* <x*rtain groups of (*nzyin(*s, \<*l it is 
greatly in(hi<*n<*<*d 1).\ a varudy of factors oth(*r than tlu* natnn* of the 
(*nzyme its<*lf, such as the r<*action (a<*idit,\ or alkahint \ ) of tin* m<Mlmm 
in which the* enzyme is dissolv<‘d, tlu* coi u *<* 11 1 ration of t lu* <‘ir/\ me itself 
and the nature* and eon<*cntration of the* snhstiate* upon which it is 
aeding. It is, of course, impossihle* to n*ndt*r all of tli<*sc* conditions 
eoinparahle* in (*\pc*i ime*nts with difVe*re*nt enz\inc*s, and wc* arc* thc'rc*- 
fore left rr(*(iiie*ntly m uncertainty whe*ther the* ol)sc*r\ed dill‘<*ic‘nc*c*s in 
teni])eratur(*-optiinum arc in re*ality due* to sp(*c ifie dilfereiues l)<‘tw(*(*n 
the enzymes investigate*<l or are not simply attrihutahh* to the* caieiim- 
stJine*es attc'iuling their action. In the very gre*at majeirity eif case*s, 
he)\vev(*r, it is feaiiid that tlu* t<*miH*rature*-optimum for hydrol,\zing 
('iizyines lic*s very slightly above the body-te*mpe*ratun' of the* warm- 
bloode*d animals, name*ly, be*tw(*e*ii 10° and 15° the* normal te*miu*ra- 
tiirc of man being ('. and the te*inperature of birds about 1 T' ( 

This remarkable correspondences is cesrtainly not accide*ntah and we* 
may infer that tlie proec'ss whie*h has brought about the evolution 
e)f the warm-blooded animals from cold-bloexlod an<*<*stors has e*t>nsiste*d 
essentially in an improvement of die adaptatieui of the more* re*c<*nt 
fonns to the properties of thc'ir enzymes, \vhere*by swifte*r transforma- 
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tions and exchanges of material are rendered possible without at the 
same time incurring the wasteful expenditure of catalysts which would 
be involved by still higher bodily temperatures. The factor which 
determines the bodily temperature of the warm-blooded animals is 
certainly not the coagulation temperature of their tissue proteins, for 
that lies very considerably above the maximum body temperature 
which is observed in any species. The cold-blooded animals and 
plants, therefore, are handicapped by a disharmony between the 
properties of their enzsnmes and the temperature of their tissues. 
Whether or not this is in some instances compensated for by greater 
specific activity of their enzymes or by the production of enzymes in 
greater quantity is a question which the data at present in our posses- 
sion do not enable us to answer. 

In a few exceptional cases the temperature optimiun lies far above 
tlie usual level. We have seen that some enzymes, especially certain 
oxidizing enzymes and the proteolytic enzymes derived from certain 
bacteria (BaciUm prodigiosus, for example) will withstand the tem- 
perature of boiling water. Two vegetable proteolytic enzymes, 
namely, the Papain from the pawpaw, or fruit of Carica papaya, and the 
Bromelin in pineapples act best at about 60“ C. Generally speaking, 
the more nearly neutral the solution of the enzyme and the higher the 
concentration of substrate it contains the higher is the optimal tem- 
perature. It would therefore appear that acids and alkalies accelerate 
the inactivation of enzymes and that their substrates protect them, 
probably owing to the fact that they combine with them. It has been 
pointed out by Edie, however, that Trypsin may be heated for some 
time to 100“ C. in add solutions and still retain digestive power, while in 
alkaline solutions the destruction of trypsin at this temperature is 
almost instantaneous. 

Exposure of an enzyme to moderately high temperatures, for example 
(i0“ C., for some hours, generally results not only in loss of hydrolyzing 
power but in tlie acquirement of a power to inhibit the very hydrolysis 
which the active enzyme normally accelerates. This phenomenon 
has been attributed by Bayliss to the formation of “Zymoids,” which, 
he believes, combine with the enzymes from which they are derived 
to form an inactive compound. In some instances, however, it 
appears that the retarding influence of heated enzymes arises not so 
much from inactivation of the unheated enzyme as in preferential 
acceleration of the resynthesis of the substrate, thus opposing the 
reaction which the unheated enzyme accelerates. If tins actually 
occurs, then it is evident that a shift in the equilibrium of the reaction: 

Substrate + water products of hydrolysis 

must be brought about by the heated enzyme, of such a nature as to 
increase the proportion of the substrate in equilibrium with its products. 
Such a shift of equilibrium would, of course, necessitate a consumption 
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of energy and n eorn^spondiug {iliera1io!> in the niitltTial bringing it 
ubonl, in ilie heated enzyna*. 

When lu'attsl enzymes are siIIowcmI to Htaiui in aejneous solution at 
room temperatures they may undergo spontaneotis Reactivation, 'rids 
phenomenon has I>e<*n more espeeially studied in eonneetion witli the 
Oxidizing Ferments, but (iramentzki has obsc^rvisl a similar plnuionu>non 
iti hoatx'd solutions of Diastase, Invertase and pam-n^atie Trypsin. 
The following are illustrative data obtaimsl with tin* coniuuM'eiai 
starch-splitting enzyme Taka-diastase, obtaiiusl from . l,vy«T(/v 7 ///.v 
oryoa‘. The enzyme solution wjis lieatecl to 1)5" and then iuinuMliately 
coohnl an<l allow(‘<i to stsiml at room tt‘mp<Tatun*s. 

HkACTIVATION OV llKA'l'-INAi'riVATKn TaKA-DIASTASK ((JuAMKN'r/Kl). 

SoluUon 1 1 vdi i>I\ MUif pott <•! 
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The accelenitive inHiK^nce of raising tluj toini)(T5jtur(‘ upon flu* 
hydrolysis of the substrate by an enzyme has bi*en fr(*<ju<*nf ly iu\esli- 
gated quantitatively, and it has l>een found that the n‘Iationslu|) 
between the temperature aiul the velocity of liydroI\.sls is fliat whieli 
eominoidy pertains in ebemical reactions. It may lx* (*\pn‘.ss<‘<l as 
follows 



v« 

where “ Vi” is the v<»loeity of the hy<lrolysis at tiu* t(*mperatuie “ti’\ 
“vo** is the velocity of hydrolysis at the t<*mp<*ratun* ** t,/\ is 
the base of the natural or “Napieriair’ logarithms {2.7ISliS . . ) 

and is a constant which is eharaetcTistie for tlu* sp(*<*ifie r<*ac*li<>u, 
and is expressive of the <legree of elVeet which t<‘iup(*ratur<* <*\<*rts 
upon it. The temiicrature is measurcul in “absolute*’ units, that is to 
say, ill degrees centigrade above zero plu,H 27I>®. *^riu* n^laf iousliip 
only holds good, liowcver, so long as the temperatun\s <*mpIoyt*d do not 
exceed the “temperature o])timum,” otherwise the secondary iua.<*liva- 
tion of the enzyme iiitroduees a disturbing factor. 

It is more simide, however, although less aeeuratt*, to eslimatt* tin* 
effect of temperature by the change in velocity productxl by a rise of 
10® C. It is foun<l, as a very general rule, ext*eptiug in tlu* <*asi! of 
photochemical reactions, that the value of m for a (*lu*mieal tninsforma- 
tions is of such a magnitude (10,000 or over) that a rise* of 10® at or<li- 
nary room or incubator temperatures doubles or more than tloubh^s 
the velocity of transformation. 
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The “Temperatuie CoefiELcient,” or ration 

V clooity _+ 10 ® 

Velocity at T® 

for chemical reactions is therefore 2 or over, while for purely physical 
processes, such as changes in viscosity or capillarity, or for photo- 
chemical reactions, the value of the coefficient generally only slightly 
exceeds unity or, in the case of capillary phenomena, may be less than 
unity. 

The following are illustrative values of “/x” for various hydrolyses 
brought about by enzymes. For comparison the value of /x for the 
hydrolysis of cane-sugar by acids is included. 


Process 


Hydrolysis of cane-sugar by acids 

. 25,600 

Hydrolysis of cane-sugar by invertase 

11,000 

Hydrolysis of starch by amylase 

12,300 

Hydrolysis of triacetin by hpase 

16,700 

Hydrolysis of egg-aLbumm by pepsin 

15,670 

Hydrolysis of casein by trypsin 

37.500 

Inactivation of rennet 

90,000 

Inactivation of pepsin 

75,000 

Inactivation of invertase 

72,000 

Inactivation of trypsin . 

62,000 


On comparing these various figures it will be seen that the effect of 
temperature upon enzymatic hydrolyses is of the same general order 
as its effect upon other chemical reactions. The Inactivation of an 
enzyme by heat, however, is exceptionally accelerated by rise of 
temperature, the coefficients for all inactivations being very much 
higher tlian those for the hydrolyses which tlie enzymes accelerate. 
This accounts for the relative “steepness” with which the curve of 
enzymatic activity falls off after tlie temperature has passed the opti- 
mum; at this point the inactivation of the enzyme is very much 
accelerated by a rise in temperature sufficient only to produce a slight 
modification of the velocity of the hydrolysis which the enzyme is 
accomplishing. 

Enzymes are also inactivated by exposure of their solutions to Light, 
and especially to the Ultraviolet Rays. The inactivation by ultra- 
violet light occurs in the absence of oxygen, but the visible rays of 
light, especially in the presence of fluorescent dyes, such as Eosin, are 
also able to inactivate enzymes provided oxygen be present. Evi- 
dently two different types of change in enzymes may be brought about 
by light, involving different parts of the spectrum. 

THE INFLUENCE OF REACTION UPON HYDROLYSES BY 

ENZYMES. 

The great majority of the enzymes are very decidedly influenced by 
the reaction, or H+ or OH" ion concentration of the medium in which 
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tlioy si<*<. For vixrh (Mr/yni(‘ or ^^nmp of <‘nzynios tUvvc is a 
rsin?jj(‘ of II' or Oil coia^cMit rat ions within wlu<*h tlu\v \Nork la^st aiui 
Ik'Iow or jihoxr which their activity is iin|)c<l<Ml. 'l'h<* upper limit of 
Ih' or Oil <*oncent rat ions is set l)y th<‘ (h\stru<*tioii of the eic/yine 
whuih rapi<lly o<*<*urs in solutions which are t()o aci<i or allvalinc. 'rh<‘ 
fjw*tor whieh sets lh(^ lowtT limit is not so (‘asy to perct‘iv<s sin<’(‘ tlu‘ 
stability of the enzymes in neutral solutions is often fxreatcM* than it is 
in the faintly acid or alkaline solutions in whi(*h tlunr hydrolyzing 
activity is most l‘avora!)ly display<‘<l. 

The most strikin^j: <lepen<lence ui)oii reaction is shown by tlu‘ Proteo- 
lytic Enzsrmes, Pepsin and Trypsin. Pepsin a(*ts b<‘st in n faintly a<‘i(l 
while trypsin a(*ts best in a faintly alkalitu^ im‘<lium. A slight e\<*<\ss 
of alkali rapklly destroys p(^psin, while an even slighter achlity inac- 
tivates trypsin. Jtotli of tliese enzym<\s will hyilrolyzc' proteins in 
neutral solutions, hut their a<*tivity is much infcri<»r to that whi<'h th(\\ 
will disjday in a mc<lium of favorahh^ rea<*tion. 

So far as pepsin is concerned, it is not <U(Iicult to inl\‘r that the n<*(‘d 
for a slight achlity of the medium arises from tln^faet tliat a <‘ompoimd 
of th(‘ ])epsin with the aci<l is form<‘<l which possesses iimci* gr<‘a1<‘r 
pr()tcolyti<* pow<‘r than tin* nncoinhine<l p(‘psm. '^Pliis is <‘\idcnc(‘d 
l)y the fa<‘t tha,t not all acids are ecpially (dlicit^nt in promoting tlu‘ 
hydrolysis of j)rotein hy pepsin, there h(‘ing a inark(»<l spe<*ill<‘ity m tin* 
relationship of pej)sin to Hydrochloric Acid. \Vlnh‘ otln^r a<‘nls \mI 1 
ae<‘elerat(‘ tin* hydrolysis of proteins hy p<‘psm, tlnnr ac<‘<‘lerati\ <» 
influence is far inferior to that of hydrochloric acid, and the favoring 
a(*tion of <liirer<*nt acids, instead of running paralh*! to tiunr <h*grcc of 
electrolytic clissociation, as \\(*shouhl c\p(‘ct if it were an clVcct purclv 
due to li;v<lrog<*n ions, Ix'ars, m fa<*t, no n’latioiiship to the “ si n'ligtli/' 
i c., <li.sso<‘iation of tluNieid. Lactic Acid, for <‘\ampl<‘, m e(pnmol<*cnlar 
solutions has a mor<‘ favorable <'IVe<’t than sulphuric acal. On th(M)(h<‘r 
hand, for a givc'ii acnl, namely, hydroehloru’ acid, Northrop liinls that 
the optimum eoiieentration varii‘s with th<‘ |>n)t<‘in which is cmplo\(‘d 
as substrate, and cornvsponds with the <’one<‘ntration at which lla* elec - 
trical <*on<luctivity of the piot<Mn-a<*id compound is at a ma\imurri 
It appears prohahle, then^fore, that the facilitating action of th<» acid has 
a twofold origin, arising in the first pla<*<‘ from activation of the pi'psin 
and in the secoinl place from the ionization of the suh.strate. 

In tliecase of Trypsin the aec*(‘lerative action of alkali<‘S runs strictl,\ 
parallel to their <lissoeiation, so that her<‘ w(j are left in doubt as to 
whether the eflVet is due to the formation of a compound of tin* trypsin 
with the base einjiloyed, or whether the alkali does not, on tlu; contrary, 
act sinii)ly as an accessory <‘atalyzer or Co-enzyme, so altcTing tlu* sui>- 
strale, perhaps by promoting its <lissoc*iation into ions, as to r(*ndi*r it 
more susceptible to attack by the enzyme. 

There are certain observations, however, wlu(*h to show that 
in this case also a compound is formed of the trypsin and tlu* a<hh‘<l 
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base which exerts a much more intense proteolytic action than trypsin 
itself. For if we follow the hydrolysis by trypsin of an alkaline solu- 
tion of casein by means of the gas-chain (potentiometer), so that we 
obtain a measure of the changes in the actual hydroxyl ion concen- 
tration as the hydrolysis proceeds, we find that Ae alkalini ty of the 
digest progressively diminishes at a tmiform rate corresponding to the 
formula: 

Velocity — k(a — x) 

until a certain Critical Alkaliiuty is reached, which lies in the neighbor- 

N 

hood of 10~“N or , below which the velocity of hydrolysis 

diminishes very much more rapidly than Wilhelmy ’s law would indicate. 
For a given concentration of trypsin the critical reaction is exactly the 
same when a basic protein, such as protamine, is employed as when 
the acid protein, casein, is the substrate. Evidently, therefore, this 
sudden falling off in the velocity of hydrolysis is not due to any relation- 
ship of the Substrate to the free alkali in the digest, but rather to a rela- 
tionship of the Enzyme to the free alkali. The result is, in fact, exactly 
what one would expect to obtain if the actual catalyst were a 
compound of trypsin with the alkali. The concentration of the cata- 
lyst would remain constant at all alkalinities below those destructive 
of tlie enzyme, provided there was a sufficient amoimt of unneutralized 
alkali present to combine with all of the trypsin. Directly the concen- 
tration of free alkali fell below this limit, however, the concentration of 
active enzyme would diminish in proportion to the diminution of 
alkalinity, that is to say, in proportion to the extent of hj'drolysis, and 
tlie \ elocity of hydrolysis would fall off correspondingly rapidly. 

Since in these two instances we have experimental ground for tlie 
belief that tlie favorable influence of dilute acids or alkalies upon 
the activity of the enzyme is due to tlie formation of compounds witli 
the enzyme, we may infer that the mechanism of the acceleration by 
acids or alkalies is probably the same in other cases. 


THE SPECIFICZTY OF THE HYDROLYZING ENZYMES. 

The various enzymes which hydrolyze Disaccharides and Glucosides 
are highly specific in their action, that is to say, a given enzyme will 
hydrolyze a particular disaccharide or a particular type of glucoside 
and no other. A very beautiful example of the specific relationship 
which subsists between the structure of a glucoside and the nature 
of the enzyme which attacks it is that afforded by the enzymatic 
hydrolysis of the various Methyl Glucosides. Four of these glusocides 
are known, namely, a-methyl-l-glucoside and /3-methyl-l-glucoside, 
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a-nictliyl-<I-gluc()si<le and /^-inothyl-<l-ghu‘osi<le* Tlicir »tni<-tiiro» aro 
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Of these neither a- nor /3-metli.vW-ghi<‘<»sid<‘ are a<-ted upon by 
enzymes. The a-methyl-<l-glueoside is iiy<lroly/.<‘<l b.^ the* Maltaso in 
yea*st, hut the i3-inethyl-d-gliic*osidc‘ is not hydrolyzed by ye^asl , it is, 
on the other haiul, hydrolyzed by the <*nzyine Emulsin whieli is fotnid 
in the kernels of stony fruits, su<‘h as th<‘ ahnon<l, and in th<‘ tisMH\s 
of the fungus Aftpm/illuff mgrr. But emulsin is without aetion on th<* 
a-iucthyl-<l-gliieoside. 

Similarly, Invertase, whi<*h hy<lr<)lyz<\s <‘ane-sugar to ghi<’os<* an<l 
fruetose, will not hydrolyze maltose; maltase, \vhi<‘h hydrol.N z(‘s maltose 
to two nioleeules of glucose, will not attack ean(‘-sugar or lactose, 
lactase, which hydrolyzes milk-sugar, will not hydrolyz<‘ inallos<‘ *)r 
<*ane-sugar. 

Since tlies<‘ \arious <lisa<*eharid<*s diiler from on<‘ anoth<*r oidy in th<‘ 
aiTaugeiiK'Ut of the \arious grou})s about tin* c(‘ntral <‘arl)on-.sk(‘leton, 
tlu* high degree of spe('ific iiiterndationship with the <*nzyines \\hi<‘Ii 
atta<*k them which they <Hsplay led Kinil Kisch<*i to tin* vi<*\\ rn*<piently 
alluded to as the Lock-aad-key Hypothesis, \vlu*n*hy tin* enz\ine is 
supp(we(l to jK)ssess a structure which fits a particular disa<‘<*luin<l<* «»r 
glueosnle as the grooves of a key fit the wards of a lock. Ind<‘<Ml , t la^rc 
is no other way in wlu<*h we can imagine ti ineehanism whi<'h wdl so 
preefeHy pick out a particular arrangement of atoms an<l d<*<‘ompos<* 
that one and no other. The phcnoineium alfonls, in fact, a striking 
coufirination of the view that these en 74 ymes a(*(‘oinplish tlu' hy<lrolysis 
of the disaecharides through the formation of int<'rm<‘<liat<' <*oinpoTm<ls. 

The fat>-splitting ferments, or Lipases, do not <*xhil)it su(*h extrem<*ly 
preferential specificity. Nevertheless, some nieasun* c^f spe<*ificily is 
displayed in certain instances. Thus, 1 )akin foun<l that in a mixtun' of 
the ineuthyl esters of d- and l-Mazxdelic Acid the menthyl-d-inandc'Iute 
is hydrolyzed by pancreas-lipase much more rapidly than tlu* inenthyl- 
1-mandelatc, so that the maudelic acid which results from tho hydrolysis 
is strongly dextrorotatory. 
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Among the Proteolytic Eiuymes we again meet with a series of spediic 
relationship between the enzymes and the substances which they 
hydrolyze. This specificity is not revealed when we act upon Proteins 
with various Trypsins, since every protein which is soluble contains 
some of the linkages which are susceptible to attack by any given 
trypsin. Digestion of a protein will tiberefore proceed with trypsin 
from any soiuee, and if the linkages in the molecule which are attacked 
differ with the type of trypsin employed, we have at present no certain 
means of ascertaining that fact in so complicated a molecule as that of a 
protein. It was for this reason that the specificify of different trypsins 
was tmtil recently totally imsuspected, and it was tacitly assumed 
that all of the enzymes which hydrolyze native proteins to amino- 
acids in faintly alkaline solutions were identical. The employment of 
syntlietic Peptides of known structure and configuration as substrates, 
however, has recently revealed to us a heretofore unsuspected multi- 
plicity of protein-hydrolyzing enzymes. 

The trypsin in pancreatic juice was found by Fischer and Abder- 
halden to hydrolyze certain synthetic peptides while others remain 
imattacked. The various peptides which they investigated were 
distributed between these two classes as follows: 

HYDROLYZED. 


*Alanyl-gIycine 
*Alanyl-alanine 
*Leucyl-isoserine 
Glycyl-l-tyrosine 
Leucyl-l-tyi osine 
^ A1 anyl-gly cyl-gly c me 
♦Licucyl-glycyl-glycme 
♦Glycyl Icucyl-alamno 


••“Alanyl-leucyl glycine 
Dialanyl-cystine 
Dileucyl-cystine 
Tetraglycyl-glycino 
Tnglycyl-glycine c&tci 
d-alanyl~d-alaniiic 
d-alanyH-leucino 
l-lcucyl-Moucme 
l-loucyl-d-glutamic acid 


NOT HYDROLYZED. 


C}ly<*vl-alanine 

Cilvcyl-glycine 

Loiicvl-alanino 

Lpucyl-glycine 

Ammo b\i tyryl-gly Clue 

Valyl-glycino 

Glycyl-phenylalanme 


Lcucyl-prolinc 

Diglyoyl-glvcinc 

Tiiglycj I-glyoinp 

Dileucylglycyl-glycme 

d-alanyl-l-alaniuo 

1-alanyl-d-alanine 

Meucyl-d-loucmo 

d-leuoyl-1-loucino 


It will be observed that especially among the various dipeptides 
formed by the union of d- and 1-alanine with d- and 1-leucine the speci- 
ficity of the enzyme is very strongly marked. It will be noted also tliat 
mere leiigth of the peptide-chain confers upon it susceptibility to attack. 
Thus diglycyl-glycine and triglycyl-glycine were not attacked, while 
tetraglycylglycine was hydrolyzed. The compounds marked with an 
asterisk were racemic, and in every case only one of the optical anti- 
podes was attacked, in every case also the isomer which was hydrolyzed 
was that which occurs in the native proteins. 
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Tlic irypsiii wliirli is <*<)ntaiiu‘(l in ro<l l)lcK»<i <*or|>us<'l<‘s was foniul 1o 
hydrolyy.o gly<‘yl-Myrosiius in this respoot r(\s<‘inl)linf? tho trypsin of 
])aii(‘r(*atic juice, it also hydr<»Iy»;(‘<! di^j;ly<*yl-Kly<*ine, Iiow<‘v<‘r, and 
therefore it (‘suinot he identical with the trypsin of paner<‘ati<* juie<‘. 
Blood seriiin will not hy<lr(>lyze gly<‘yl-l-tyn)sine un<l tin* trypsin \vhi<'h 
it (‘ontains tlu'^reforc' <liiiersl)oth from panereat.ie trypsin and n‘<l-l>lood- 
<‘orpusel('^ trypsin, y(‘t it will hydrolyi«(t d-l-alainyl-^>:ly<-int‘, diKly<‘yl- 
glyeine and tri-gly<*yl-jifly<*ine. Tlie t5xis1<‘nee of thnv alilVc'n^nt trypsins 
is thus <lernonstnited, aim! from these aim! similar (experiments we ejin 
infesr that th(e vairi<^ty of animal trypsins is V(Ty gr<*iit and possibly 
eo-ext<ensivc with the number of different typ<‘s of tissue which may 
eomprisc the body of at multieelhilar animal. 

The Proteases, or proteolytic (enzymes, fadl into Ihrtse main K*'<>iips, 
naimely, the Pepsins, which s])lit protein in am aicid medium to at mixtune 
of ])e]>t<)nes atnd ])roteoses, hut no further; the Trypsins, which split 
proteins in fatintly atlkaiHne medial, converting them into aimino-aicids, 
atnd the Erepsins, which split ])e])lones and eaistdn, but no other unhy- 
drolyzcd ])rotein, into amino-aeids in neutrad, faintly aieid or fauntly 
ailkatlinc media. In aimmails a p(‘psin occurs in tlu* Gastric juice, tryj)- 
sins oc‘cnr in Pancreatic Juice, and, as W(* have sccmi, in at \ airic'ty of tissu(‘s, 
while erepsin is found in the intestinad juice, or Succus Entericus. ''rh<‘ 
Vegetable Proteases, as at rul<% reseinhle the en‘])sins rail h<‘r tham th(‘ 
try]>sins, although som(‘ of tlu^ni aire of the* p<‘psin typ<‘. 

There atre mainy nidicaitions thait <‘aeh of th<\s<* dillenMit classics of 
proteolytic* (‘iizymes aittaieks th<‘ protein m<»l<*eul(* ait dilferent points. 
Thus tryi)sin adone, adthough it carries tlu* hydrolysis of (In* gn^aitin* 
})roi)ortion of the i)r()t<*in down ais fair as tin* simj)l(* amino-au'ids, n(*\<*i- 
iheU'ss doc*s not achieve^ such eoinpI<*t(* clc‘a\ag<‘ as it d<)<*s \\hc*n jii<!<*d 
by c'repsin, while th<* maximum yi<*ld of aimino-au’ids cam only lx* 
ol)tuin<‘d by the eomhiiuxl aietion of the lhr<*<* ('nzyin<*s, I'ln* important 
obsc'rvaitioii has be<*n inaidc' by Diinn amd lA*wis thail Deaxninizedi Casein 
is hydrolyzed hy pe])sin amd liy trypsin, hut is not aittaickt'd h;^ (*r(*psin 
until after it hais be<'n split h> p<'psin. I )(*anninizaition of tin* easiMii, 
therefore, hats fcmkIcmhxI it no longer am c^xeeption to the riih* which holds 
good in the eatse of other proteins. 

THE SYNTHETIC ACTION OF HYDROLYZING ENZYMES. 

When we hydrolyze su(*h a substaince ais Ethyl Butyrate with tlu' aid 
of a non-c*nzymati(* eattalyzor wc^ find that tlu^ trainsformation into 
ethyl ailcohol and butyric* atcid is never compl(;t<% but sl<)i)s short 
when, in dilute solutions, ailxmt two-thirds of the caster atre* decomposed. 
No matter what (‘atalyzer we maty employ, or if we aillow spout aineous 
hydrolysis to oecmr, or bring atbout hydrolysis hy meains of at fait- 
splittiug enzyme, the transformatiou eomes to a standstill wlum al>out 
one^third of the ester remains undecomposed.^ On the other hand, 

1 The exact proportion depends, as wo shall soo, xipou the dilutioa of the Holutiou, 
i, 6., upon the mass of watei in the roautixig luixturo. 
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if we mix ethyl alcohol and butyric acid, and by the agency of cata- 
lyzers or otherwise bring about their combination, we will find that 
here also the transformation is never complete, but that it comes to a 
standstill when about one-third of the alcohol and butyric acid have 
combined to form the ester. Evidently, therefore, from whichever end 
of the process we start we reach a mixture of the same composition. 
We cannot suppose that either reaction has then ceased to occur, but 
we can readily see that in the mixture which no longer alters in 
composition and is at equilibrium the forward and reverse actions are 
proceeding at the same rate: 

C3H7COOC2H6 + H2O ^ CaHrCOOH + CsHbOH 

In a variety of hydrolyses the same phenomenon is observed, but in 
the majority of instances the station of equilibrium lies farther to the 
right or left than in the instance chosen for illustration. Thus in the 
hydrolysis of cane-sugar it lies so far to the left that at equilibrium the 
hydrolysis is, so far as all practicable measurements are concerned, 
absolutely complete. 

Now a true catalyzer is, as we have seen, not consumed at all during 
the progress of the process which it accelerates, and, this being the 
case, it cannot communicate any Energy to the system. Any shift of 
equilibrium in a chemical reaction which absorbs or liberates heat 
must involve the consumption or absorption of a quantity of energy 
equivalent to the heat of reaction. But equilibrium, as we have seen, 
occurs only when the forward and reverse velocities are equal, and 
hence if the forward reaction, or reaction of hydrolysis, is accelerated 
hy a catalyzer, the reverse reaction or reaction of synthesis must also 
be accelerated and to an exactly equal degree. If, then, the hydro- 
lyzing enzymes are analogous to other catalyzers and are not consumed 
during the progress of the reactions which they affect, they must 
accelerate the resynthesis of the substrate from its products no less 
than the h> drolysis of the substrate itself. 

The prediction, based upon the above premises, made by the Dutch 
chemist Van’t Hoff in 1898 that enzymatic syntheses might prove 
possible, was verified experimentally in the same year by Croft Hill, 
who succeeded in this manner in synthesizing a disaccharide by acting 
upon a highly concentrated solution of glucose with the enzyme 
Maltase obtained from yeast. 

The synthetic disaccharide was, very naturally, assumed to be 
maltose, but further investigation showed that liie prediction of 
Van’t Hoff had not been so completely verified as was at first supposed, 
for Emmerling in 1901 showed that the disaccharide which was actually 
produced in Croft Hill’s experiment was not maltose, or glucose-a- 
glucoside, but a disaccharide which yields a predominating proportion 
of jS-glucose on hydrolysis, namely, glucose-i5-glucoside, or Isomaltose. 
Now isomaltose is not hydrolyzable by maltase, so that the synthetic 
16 
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activity of the oiizynio, instead of rcvtTsinjjc th(‘ n^actioii of h,\<lroIysis, 
produces a <lisa('(4iari<l(‘ whicli it <*annot hydroly/a*. It would app<*ar 
that a shift of equilibrium is a<‘tuall.\ <»c<‘asioned l)y the t*u'/N!ue, hut as 
there is no diUVrence of em'rj^y-c'ontent h<*tw<‘<*n opti<'al isonuuN, the 
sliift in the sta.ti()n of ecjuilihriuin eaus<Ml l>y tlu‘ eir/yine is not, so far 
as the pro<lu(‘tion of isomaltose instea<l of maltose* is con<*<*rn<*d, of su<4i 
a character as to re<|uir<‘ constnnption of the <‘nz\m<* to ac<*omplish tlu* 
liberation or absorption of em*r^3:y. 

Tsomaltose is. howewer, hydrolyzable by the (*nz>nu* Emulsin, whi<4i 
occurs in din'erent situations from those in whh*h nialt«»se is found 
It became at once a matter of j?reat interc*st to as<*(*rtain what syntlu*ti<* 
products would result from the action of emulsin upon <*oncentrat<Ml 
solutions of This experiment was carri(*<i out by K. K 

Armstrong, who showed that the prcxlmd n*sulting from the* synth<*ti<* 
action of emulsin is not isomaltosc*, ami at first suppos<*cl that it was 
maltose. This sui)])(>sition was suhse<iuently shown to he im-orn^ct hy 
Bourqiielot, wlio fouml that the sugar pro<lu<*e<l from glucose* ui th<‘ 
presence of emulsin is neith<*r isomaltose* nor maltose*, hut Gentiobioso 
(p. Sh). ''riiis sugar, like isomaltose*, is a glu<*<».s<‘ -/:^-ghicoside*, hut 
diifers fre>in isomaltose in the mexle eif attae’hment of the‘ two glm-ose* 
molecules; it is slightly Ie*vo-rotate)ry while* ise)mal(ose* is strongl.N 
dextro-rotatory. It is hydrolyzeel by <*mulsm. \V<* e^aimot, lioweweT, 
definitely assert, as y(*t, that either <lisaee4iaride*s he'.siele* the* main one* 
are not siinultaneousl> produced in these* enzymatie* .syn(he*s<*s 

Since the iiuhlication of (Veift IlilPs fuiidame*ntal e>hs<*r\ alioii a 
great miinhcr eif c*nzymatic syntlK‘se‘s have l)(*e*n ac(‘oinphsheMl Among 
carheihydratc's, suhstan(*e's re*se»ml)Iing Starch ami Glycogen ha\<* beM*ii 
synthesizeel through the* action of Diastases, wliile* Tnacetyl Glucose 
has been fonneel freini a<*e*tic and glucose* umle*r the* influe‘m<* of 
pancr(*as extract. Aiming the fats Ethyl Butyrate has be*e*n s,\ nt lje*.siz<*<l 
from ethyl alcohol ami butyric aciel, glyce*ryl linl> rate*. am\ I but \ rate*, 
methyl oleate, glyceryl tria<*etate ami glye*e*ryl trie)l(*ate* ha\e* all be*e*n 
synthesized from their eeiin])eiiienls threingli the* n*\<*rs<*d ae-tion of 
various Lipases. In the <*ase <if ni<*thyl oIe*ate* it has be'<*n shown that 
the pancreas lipase cinploycel to bring alieiul its .s,Mith(*si.s de*finit<*l.\ 
docs not affect the final c([uilibriuni \vhi<*h isattaim»<l, feu the* preiportiem 
of ester formed after a suflicicnt lap.se of time* is imle*pe*mle*nl eif the* 
quantity eif enzyme employed, only the Speed witli which the* e*ejnilib- 
riiim is attained being atfected. The follow’ing arc illustrative* data. 

SYNTIIKSIS Ob' MKTIIYIj OLKATK (l»(irrKVIN ). 


QuanUty of IN^muitiiKt* «>f CHtoi loiiiio<l 

pancreas ^ . . -v 

extract employed. 1 djiy 2 dnys. i!(l iluyi.. 

1 . . . . . , . . S m Kl 

, . . . . . 12 m s*j 

5 21 <J0 S-l 

10 ' -13 7d b5 
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Quantitative data of this description are very important because 
the whole question whether the enzymes act as true catalyzers or, on 
the contrary, enter into and affect the equilibria of the reactions which 
they accelerate, turns upon the question whether the final proportion 
of substrate to products is at all influenced by the presence of the 
enzyme. The results of Pottevin indicate that there is no such influ- 
ence in the case of pancreas lipase synthesizing methyl oleate, because 
if there were, then doubling the amount of enzyme should double tlie 
displacement of equilibrium, and d,uice no measurable effect upon 
the equilibrium results from doubling or even multiplying by ten the 
quantity of enzyme employed, it follows that the single unit of enzyme 
also did not affect the station of equilibrium. Similarly, A. E. Taylor 
has shown that the station of equilibrium in the hydrolysis of glyceryl 
triacetate by lipase is exactly the same as that which is obtained when 
sulphuric acid is used as the catalyzer. Such measurements are, how- 
ever, usually lacking in enzyme studies, frequently because of the 
technical difficulty of measurements extending over the long periods 
required to attain final equilibrium. 

In the case of Glyceryl Trioleate, which differs from the glyceride 
studied by Taylor in being insoluble in water, H. C. Bradley has 
attained results which point rather clearly toward a decided displace- 
ment of equilibrium by the enzyme, for he finds it impossible to procure 
any appreciable synthesis of Triolein from oleic acid and gl^'cerol in the 
presence of 50 per cent of water, although when we start vith triolein 
in this proportion of water an appreciable amount of triolein remains 
iinhydrolyzed at the end of prolonged hydrolysis- The presence of 
tlie enzyme in this case appears to selectively accelerate h>^drol\\sis, 
and if tliis is the case then the enzyme must be consumed m the jirocess 

Among the proteins the s;vnthesis of a protamine, Salmme, from a 
(*oncent rated solution of its <ligestion products has been accoinjilishcd 
b,\ A. E Ta^lor, who employed an unusually stable Trypsin obtained 
by extracting the liver of a mollusk {Sckizothvrua nuitaUi) vith gl,\ cerol, 
and adding this in very large amounts to a saturated solution of the 
amino-acids which finally result from the liydrol\sis of i)rotaniine. 
Only a small iiroportion, about 0.5 per cent of the original prot(‘in, 
was recovered and that only after a lapse of five months The identity 
of the synthetic protein with salmme w as deduced from analysis and 
general ph3\sical behavior. 

When Sodium Caseinate in neutral solution is subjected to li><lrol,\ sis 
by Pepsin a group of infraprotems results, which are collectix eb termed 
Paranucleins, and which subsequently undergo further h;\xlrolysis, 
with the production of proteoses and peptones The paranucleins 
resemble casein in being soluble in dilute alkalies and precipitable by 
acetic acid, but are less soluble in dilute mineral acids than casein 
itself. When to the concentrated solution obtained by evaporating 
down the final products of the prolonged peptic hydrolysis of casein 
a very large proportion of fresh pepsin is added, after a comparatively 
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brief period (forty-eiglit hours), at 4(P <\, a precipitate is formed in 
the mixture which appears to be identical with j)uranu<*lein. In this 
case the identity has been <‘onfirmed by iininunologi<‘al methods. The 
antiserum to casein or paranuclein jmxluced by r(‘p4*nte<i!y inj<‘<*tinjj; 
these sul)stiinces into the circulation of rabbits no i)n‘cipitat<i 

either with the jiroducts of the complete p<'pti<* hy<lrol.\sis of casein or 
with i)epsin, but it does yield a precipitate with the synth<'tic para- 
nuclein obtaiiKMl in the manner outline<l, a!i<l this pri^cipitati^ bimls 
the antihodi(‘s to casein and ]>aranuclein which the s<M-um containe<I. 
Sin(‘c the Antibodies which appear in the eirenlation of animals as a 
result of iininuni/ang them af^ainst proteins an‘ in tlu* hijLj;h<‘st i\vii;vvc 
specific, yieldiiifif preeijutates only with the protcMii (unpIo.Ned in th<* 
iminunizatiou or with infraprotein deri\ed from it by partial liy<ln»l> sis, 
the synthetie product may be eonsidere<l to bc‘ thus cheaply id(Mitilie<l 
with the infrai)roteins which are tlu^ first <4eava^e-pro<hicts of <*asein. 

In this ease, however, rather clelinite in<lu*ations obtaiiuM! tliat 
the Synthesizing Enzyme is not identi<*al with pepsin itself, for it proved 
possible to bring about the synthesis a great <l(*al mor(‘ rapi<lly at 70" ( \ 
than at 40® while the hydro! ifzituj activity of pepsin is inhihit<‘d 
altogether at this temperature. MonM)V<*r, not prt'paration of 

pepsin will yiehl the synthesis- It lias be<‘n sugg('st(Ml (hat the a<*(ivc* 
agent in a<*eonii)lishing the synthesis is a naxlificatiou of jx'psin, arising 
from it by loss of water 

llydrolyziiiK ixiphin HyntlioBizinj? i 0*0 

and tliat in bringing about the hydrolysis of protedn tin* h>drol,\zing 
form may partially lose water and be transform<‘d into th<* s,\ n(h<‘si/ing 
form, and W.CC vrrm, high temperatures, as usual, fa\oring tlu‘ forma- 
tion of tli<‘ aiihydri<l<‘ or synthesizing form If this w<‘r<‘ so, of cours<‘, 
pepsin would be far from b(dng a true catalyzer, sinc(‘ it would enter 
into and be modified by tlic nvictions which it ac<‘(d<‘rates. Such 
iiKxlification lias, however, not y(*l bccai shown to oc<nr. 

That synthesis and hydrolysis may be eilect<Ml by dilVerent <‘nz\ in(*s 
in other eases l)esides tliat just cdted is shown hy lh<‘ investigations of 
llosenthaler on the synthesis of Benzaldehyde Cyanohydrin from IK’N 
and benzaldehyde, which may be brought about by (‘iiiulsin. 'Tlu^ 
benzaldehyde cyanohydrin, in more dilute solutions, is also hy<lrolyze<l 
by emulsin. Now if an einulsin solution be saturated with inagnesiuni 
sulphate, or half-saturated with ammonium suljihatts a pr<Mdpitat(‘ is 
produced which is soluble in water. Tlu^ filtrate has no synthetic 
activity, but is able to cifcct hydrolysis, while the precijiitatc* posst*sses 
synthetic activity together with a slight degree of hydrolytic a.<‘tivity. 
By tliis simple means, therefore, emulsin can be split into tw'o enzyni<‘s 
or two forms of tlie same enzyme, the one proinotiiig synthesis iiial the 
other hydrolysis of benzaldehyde cyanohydrin. 

It will be seen, therefore, that while in some instances tlie liydrolyzing 
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enzymes appear to act as genuine catalyzers, in other instances their 
behavior appears to be inconsistent with this view. In any case, the 
synthetic activity of the hydrolyzing enzymes, so far as it has yet been 
demonstrable in vitro, is very inferior in point of speed and completeness 
to the synthetic processes which actually and continually occur in 
living tissues. As we shall see, glucose is converted into glycogen 
almost as rapidly as it can be absorbed and transported, dissolved in 
minute concentration in the blood, to the cells of the liver. Fat is 
synthesized from glycerol and fatty acids in the intestinal mucosa 
within a few moments after absorption, there are strong reasons for the 
belief that the synthesis of protein from amino-acids in the tissues is 
not much less rapid. The contrast between these phenomena and the 
prolonged periods of action and high concentrations both of the enzyme 
and the products required to resynthesize the substrate by a hydrolyzing 
enzyme, and the fragmentary yield which results, point very strongly 
to tihe existence, in living tissues, of a decisively different synthesizing 
mechanism to that involved in the reversed action of catalyzers. Only 
two alternatives appear to be open to us in interpreting this dispro- 
portion. Either the tissues employ enzymes which selectively acceler- 
ate syntheses and therefore are consumed by the syntheses which they 
accomplish, or else the syntheses in living tissues, composed though 
they are of over 80 per cent of water, take place under conditions 
approximating to almost complete desiccation. This latter alternative 
is not so inconceivable as it might appear, because the reactions in 
question may possibly take place at the surface of lipoid granules 
which are emulsified in the protoplasm, but which, being insoluble in 
water, afford a medium which is almost water-free The most serious 
difficulty attaching to this view, however, is that so many of the 
products so rapidly synthesized in living tissues are as insoluble in 
oils as water is itself, for example tlie proteins. On tlie other hand if 
the former alternative be adopted we are faced with the difficulty that 
the hypotlietical synthesizing enzymes have never been obtained apart 
from living tissue, so that either their action is intimately bound up 
with the uninjured Structure of the protoplasm or else we have not yet 
hit upon tlie right methods of extracting them from living tissues and 
conserving their synthetic activity. 

ANT1ENZS1V1ES. 

Like the proteins and the poisonous products of bacterial metabolism, 
the various enzymes, when injected into the circulation of living 
organisms, give rise to specific Antibodies, or substances in the circula- 
tion of the immunized animal which combine with the enzyme which 
has been injected. 

The Antienzjones thus produced are highly specific and bind only 
the enzyme employed for immunization. Normal blood, however, 
contains appreciable amounts of antitrypsin and also of antirennet 
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vvliicb 1 h)\V(‘V(t, is not to l)o i<l<‘nlit*al with \hv aiitir<‘niu‘t 

prt)(Iuc(»<! by iinimmi/atioii A<‘c*c)r<liiij» to Shaw-MacUiaizic, tlu‘ aiili- 
trypsin in blood smiin is inucli diiniuisluHl in individuals afllicU^il witli 
Cancer. anti(Mizyni<*s appear, as a ruh‘, to b<* vrr.\ r<‘sistant to 

heat, witbstandiiij^ for soiiu* time a t<*mp(‘rature <»f 70“, witlauit losing 
their povv(‘r of inhibit inf( <lig<Nsti<)n of the enzyrm\s whi<‘h they biml. 

Antipepsin and Antitrypsin also oe<air in notable (|nantiti<‘s in tin* 
tissues ol* Intestinal Worms, and it is to this that their inmninity to 
<li^estion is attril)ut<*d. 'Tlie immunity of tin* tissues of* the stomach tf> 
dijjfestion hy tin* ^;astrie juice \vhi<*h tlu*y produe<*, ainl of tlu* tissue's 
of the intestiin* to dij^estion hy paiKTeatie* juiiM*, is similarly attrihuteel 
to the normal presein*e, in tln*st* tissue's, of antie'ir/yme's. 

Tin* anti^enie pre)perty e)f tin* enzymes ratlier stroni^ly pe»ints te>\\ar<l 
the*ir ultimate* prote'in nature*, for up to tin* pre*se*nt no suh.stan<*e* has 
bee'll fecund te) proeluee antihoelie's on inje'e*tie)n which has in»f beM*n a 
]>rot('in or a substance' pe)ssibly <*e)ntaminate'<l by a j)re>te'in. 
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THK DKJKSTION AND ASSIMILATION OV THK 
I^X)<)I)STIIFFS. 

THE DIGESTION OP THE CABBOHYDRATES. 

Tlu' Starch in our <Iiot is oonvorlod by <*()()king inlo “solubI<* starcli/’ 
wbicli isinucb more roadily hyclrolyzod by the starch-split tinjjc <‘ir/yin(‘s 
or Amylases' thnn the uncooked inut.<Tinl. first (‘iiyiyinc to <mi- 

counter the focxlstufls upon th<‘ir intro<hi<*tion into tlu‘ alinuuitary 
canal is tbo. aniylase or Ftyalin of saliva. This vi\y,y\nv <‘n<‘rjii:<‘tica!ly 
hydrolyzes the starch to maltose, and it is for this nsason that starch, 
when it is held in tlic mouth, presently b<‘gins to tast(‘ s\v<‘et 

There is no amylase in th<‘ Gastric Juice, but mwertlu^lcss the (li^«*s- 
tion of starch or glycogen continuc\s for some time in th<‘ stomach, 
l)ecause tlie optimum reaction for aimylase is a very faint acidity 'Flu' 
gastric juice itself is strongly aci<l, in fa<‘t, far too a<*id to p<‘rmit th<* 
action of amylase if this enzyme \v<"re re<‘eive<l dir<‘ctly into imnmitral- 
ize<l and undiluted gastric juice. IJut various constitinuits of (la* <ln‘L 
and especially the proteins, combine with the Hydrochloric Acid of the* 
gastric juice ami partially neutralize it, so that tlu* contents of tlu* 
stomach <luring the partaking of a meal and the c»arh<*r p<‘rio<ls of 
digestion are cither neutral or only faintly a<a<l. Long Ix'fon* tin* 
acidity of the gastric contents approaches that of pure gastric jiii< <*, 
the jiylorie sphincter opens and permits tlu* passage* of tlu* s(*mi- 
iligested foodstuffs, in small portions at a tinu*, into tlu* huiu»ii of tlu* 
small intestine. 

Tlu* maltose which is thus formed by tlu* dig(*sti(>n of starch is not 
normally absorb<*d from the stoma<*li either as such or in tlu* form 
of its further eleavage-produet, glucose. Uiuh*r normal coiulitious 
there is little or no absorption of maltose or other sugars from tlu* 
stoma<*h. If the pylorus be ligateel, some alisorpfion of sugar will 
tlien })e found to occur, but only under coiulitious in\olving abnormal 
dilatation. No carbohydrate-splitting enzymes are fouiul in tlu* 
gastric juice of man. It is stated that Lactase may oftt*n b<* fouiul in 
the gastric juice of the calf, but not in the adult animal. 

After the foodstuffs have remained in the stomach for a sufn<*i<*ntly 
long period to allow the Chyme to become faintly acid tlirough admix- 
ture with an excess of gastric juice, the pyloric sphiuel<*r opens aiul 
permits the passage of the chyme into the upper part of tlu* small 

1 Tho amylases aro froquently roforrod to as Diastosos. In Fr<»iich HcucintiCus U<.(*r«- 
turo tho word **r)iastaso^* is used as a gonono term to include till typos of enzynuw. 
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intestine. Here tlie foodstuffs are very soon met by the alkaline 
Pancreatic Juice, which reaches the intestine, in man, through tlie 
common duct of the liver and tlie pancreas. 

The pancreatic juice contains an Amylase which completes the work 
of the salivary amylase, and, furthermore, a Maltase which converts 
the maltose, derived by the action of amylase from starch, into Glucose. 
The glucose which is thus formed is very rapidly absorbed into the 
portal circulation and carried to the liver, where it is converted into 
Glycogen. The rapidity of this conversion is very great. Thus the 
quantity of glucose derived from the polysaccharides in a single meal 
may very readily exceed one hundred grams. Dissolved in all of the 
blood in the body, which cannot exceed seven liters in a man of seventy 
kilos, this would give a glucose concentration of no less than 1.5 per 
cent. As a matter of fact, even at the height of absorption during a 
meal rich in carbohydrates the concentration of glucose in the blood 
of a person in normal health never exceeds one-tenth of this. As 
rapidly, therefore, as the glucose is taken to the liver by the portal 
circulation, it is transformed into the colloidal anhydride, glycogen, 
and held in reserve for future consumption. 

When, however, an extraordinary load is thrown upon this mechan- 
ism by the excessive ingestion of diffusible sugars, some slight degree 
of Glucohemia or excess of sugar in the blood may nevertheless occur 
and in these cases the glucohemia is relieved by the passage of sugar 
into the urine. This type of glycosuria is known as Alimentary Glyco- 
suria. The sugar which is found in the urine is usually Glucose, but 
when cane-sugar or sweets made of cane-sugar have been ingested in 
large quantities, Levulose may also be found in the urine, together 
with traces of unhydrolyzed cane-sugar. Lactose is somewhat more 
readily absorbed and excreted as such than cane-sugar. If either of 
these sugars be injected intravenously, they appear unaltered and 
quantitatively in the urine. 

It is an exceedingly remarkable fact that whereas amylase and 
maltase are both present in the digestive juices, Lactase and Invert ase 
are usually completely absent, or if lactase is present its action is 
inconspicuous. We have seen that the unaltered disaccharides, if 
absorbed as such, are not utilized but are as promptly as jiossible 
ejected from the circulation by the kidneys. Yet lactose is the sole 
carbohydrate nutriment of suckling infants and cane-sugar is an exceed- 
ingly important item in the dietary of modern peoples. As a matter 
of fact, although the hydrolysis of these disaccharides cannot be 
accomplished to any important extent by the secretions which are 
poured into the alimentary canal by the various digestive glands, yet 
the consequence of their ingestion is actually the appearance of in- 
creased glucose in the portal circulation and enhanced storage of 
glycogen in the liver. When partaken of in reasonable amoimts they 
are furthermore fully utilized for maintenance and the production of 
energy in the body. At some point during their passage through the 
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int<‘stiniil <‘j)itlu‘Huin tlu\\ ar4* ovuUmiII^ ]>rok4*ii «l<i\\n into 
HUgars or moiH>sa<*<*liari(I<‘s, hut tlio iiuxiilioaf ious iiuiurtxl h.\ <lu* 
intestinal epithelium (‘\t‘n further, for tin* hsdrolN^is of ran<*-sn^ar 
yi(‘l<ls Levulose as \\<‘ll as ^lu<‘ose, aial the hydrolysis of la<*t(»s<‘ .\i<‘I<ls 
Galactose as well as ^lu(‘os<*. We are eompt‘lUsl to assume that the 
U‘vul(>s<‘ aiul gala<‘tose fnu'tions of these inoh*euIes ar<‘ i*(»n\ cattish 
eitlua* in tln^ intc^stinal mu<*osa or (‘ls<‘ in tlu^ liv<»r <*pitlu‘lnnn, into 
j^hi<*os(^ In th<' eas(‘ of levulos«‘ this presents litth' tla*on‘tieal <Iifli(*ult.\ , 
for tiu" partial eouv(Tsion of levulose^ into ^lueos(‘ ean la* hroujy:ht 
ahout. in mtro l)y the prolonged a<‘tion of dilut<‘ alkali. W<‘ an* a<*- 
<|uuinted with no nie<*hanisius, ho\v<*ver, whieh will accomplish the 
dire<‘t transformation of d-galaetose into d-glueos«*. mueh h*ss with 
any t*ir/yim' whieh will bring it ahout. "rhat the* <*ouvc*rs<* proe<*ss. 
the transforinatiou of glueosc* into galaetosc*, may he brought about in 
living tissues is shown by the Glycosuria whieh usually sueccccls 
extirj)ation of the mammary glands in mileli ecuvs and goats 'Tlu* 
sugair that a|>pears in the* urine is glucose*, and glucose* <»ril\, although 
the lac'tose for the* manufaeture of which the* c*\<‘c*ss of glucose had 
pr(*viously b<*c*n utiliz<*d is a compound of glueosc* and galac ictsc* ^Plu* 
r(*markabl<* f(*atiir(* of this transformation is that it in\c»l\(‘s disru|)tic»n 
of tlie c)\id(*-ring of glueosc* and its r<*rormation U|>on (he* opposite* side 
of the* moh*eul<*: 
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The* normal eircMilating form of hexose is thc*r<*forc‘ d-Glucose and 
d-glueos<* only. Whatever form of hexose* or polysac*eharidc‘ dc*riv(‘el 
from u lu*'<os(* may be ingc'sted, if it is alisorbed at all, it app<*ars unel<*r 
normal eireumstun<*es as Glycogen in the liver, having <*i(h<*r r<*aeh(*d 
the liver-eells in the form of gUu*ose, or else been IransfornuxI by tb(*m 
into glucose as a i)reliininary step in the formation of this (*oIIoidal 
reservo-earbohydrate. From the liver the (‘urbohydrate nuit(*riHl is 
redistributed over the body as the need arises, b<*ing brok<*n down to 
glucose again before it makes its appearance in the <*ireuIatioii. ''riie 
cloternuning factor which regulates the discharge of this carbohydrate 
reservoir is probably the concentration of glucose in the blocxb '^riiis 
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normally lies between 0.05 and 0.15 per cent and we may suppose that 
when the consumption of carbohydrate in distant tissues results in a 
certain degree of depletion of local stores, and of the circulating glucose, 
the equilibrium between the glycogen stores in the liver and the 
glucose in the fluids bathing the liver-cells is disturbed, and glycogen 
breaks down in order to restore it. 

(CeSCioOs) n + nHaO — > nCsHiaOe 

Glyoogeu Glucose 

We must suppose that Pentoses, in so far as they form constituents 
of animal tissues, namely, in the d-Ribose radical of guanylic and 
inosinic acids, are derived from pentoses originally contained in the 
diet. It will be recollected that guanylic and inosinic acids represent 
fragments derivable by partial hydrolysis from vegetable nucleic acid, 
and catalytic agents capable of bringing about this cleavage are found 
widely distributed in animal tissues and tissue fluids. The mono- 
nucleotids are not improbably absorbed as such, the adenine mononu- 
cleotid being transformed by direct deaminization into the correspond- 
ing liypoxanthine derivative. 

An important proportion of the dietary of herbivora, however, 
is furnished by Pentosans, or polysaccharides derived from pentoses. 
We have no evidence of the existence, either in the digestive juices or 
in the epithelial wall of the intestine, of any enzymes capable of trans- 
forming these substances into glucose. When Xylose is administered to 
animals only a very small proportion of the sugar is utilized, the remain- 
der being rejected in the urine or the feces. It is not known whether 
the proportion of xylose which does disappear is oxidized in the tissues, 
stored or converted into otlier compounds in the large intestine Less 
xylose is used, that is, more appears in the urine or feces when the diet 
contains an abun<lance of other sugar or starch. The disappearance, or 
utilization, of xylose is greatest in the rabbit, which has a \ ery long and 
capac*i()us intestine It is much less in tlie cat or dog, while man occu- 
pies an iiitennediate position between the herbivora and tlie carnivora. 
Whether the pentoses are absorbed and oxidized in tlie tissues as such 
or as glucose is not known, but the administration of a methyl-pentose, 
Rhamnose, to a diabetic wdiose urine has been made sugar-free by tlie 
exclusion of carbohydrates from the diet leads to the reappearance 
of glucose in tlie urine. 

The Celluloses in the dietary are indigestible by any of the enzymes 
produced by the digestive glands or the intestinal epithelium. Never- 
theless, they are partially utilized, as much as 40 per cent of young 
and tender cellulose, such as that occurring in lettuce, being utilizable 
for the production of energy by human beings. We owe this ability 
to the digestive activities of the bacteria which inhabit the lower 
intestine. The bacterial flora is particularly abundant in the lower 
intestine of the herbivora, and as much as 70 per cent of cellulose 
may be dissolved in mtro by the intestinal juices of a horse. The 
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])ro(lu(*ts of (Ills arc to ii hirg<* cxt<‘nt. not nion<>sa<'<*l»ari<I<‘s 

i)ut (‘jirboii <no\i<I<‘, iri<‘t.lianc an<l fatty acals, of w!ii<*l» the latt<‘r only, 
of coursc% an* a.vailal)lo for iiutri<*nt. purposes. Kllt*nl)rr)^<‘r has, hovv- 
ov<*r, su<*<‘cc<!c<l in isolatinjj: from intestinal contents an //.v/j#';Y//7///,v-like 
orjirunisni w!u(‘h rapidly <li^<*sts cellulose, yhddin^jf soluble <*arl)ohydrat<*s 
an<l soim* lactic a<*i(l, so that a larj^er proporti(»n (»f nutritionally useful 
products Tuay b<* <l<*rivable from cellulost* by aiiimals whose intestines 
<*ontain this orfi^anism. 

The most important function of the eelIulos<\s in tlu* di<*t, ho\v<*ver, 
is that of <*oininuni(‘atin^j: bulk to the intestinal eont<*nts and pro- 
moting peristalsis l>y aironlini^ a favorable <‘onsisten<\v an<l volume for 
propulsitm with a minimum of mus<*ular <dVort. 'rhis function of the 
celluloses is most esi)e(*ially important in tliose animals, su<di as tiie 
herbivora, \vhi<*h have v<*ry long int(*stines. In man, how<*ver. too 
large a proportion of in<!igestible <*arbobydrate, as for e\ainpl<* in th<‘ 
dietary of vegetarians, may lea<l to in(‘ompl(*te absorption of tin* 
digestible foo<lstuii*s ami promote, in this way, bact(*nal a<*ti\ities to 
an undcsirabU* extent 

THE DIGESTION OF THE FATS. 

Very slight lip(>lyti<* action is e\erte<l by the Gastric Juice. Not only 
is the lipase-cont(‘nt of gastru* jui<*e low, or tin* lipas<* weak in action, 
but the fats, while tln»y remain in the stoma<‘h, laang insoluble in wat<*r 
and in tin* form of relativ<*ly larg<* mass<*s, pr<*s<*nt only a lunil<*d suifa<*e 
of contact with the gastric jui<*<*, and tin* Lipase which it contains can 
hy<lrolyy;e tin* fat-mass(*s only at tin*!!- surface*. now<*\(*r, tin* slight 
action wdiich is <*\ert(*<l by the gastric* lipase* is probabls of no litth* 
iinjxirtaiice, for it ensures that upon the <*ntry of tin* fats into tin* npp<‘r 
part of the small int<*stine they c*ontain a small a<hni\tur<* of fattx a< nl 
which greatly jiromotes tln*ir emulsification by tin* alkaline* fluids with 
which they here <*ome into conta<*t. 

The path of Absorption of tin* fats is cpiite* dilVen*nt from that which 
is follow'cd by the carbohydrates. lnst<*a<l of passing into tin* blood- 
stream, after having traverseel the epithelial lining of tin* intestine, 
they arc defleeleel into the Iymi)hati<*s and earri<*<l thence into tin* 
thoracic <luet. After a iiu*al ri<*h in fats the nunn*rous small lymph- 
atic vessels coming away from the small intest iin* are full of milky 
fluid and stand out distinctly from the surrounding tissues, by r<*ason 
of their whiteness and opacity, whereas und(*r r(*sting conditions, wdu*n 
digestion is not proceeding, they are transpar(*nt and <liffi<*ult to 
distinguish. 

It is, therefore, possible to follow the absorption of fat fn)m the 
small intestines by naked-eye examination, and it W'as in this way that 
Claude Bernard, in 1840, discovered tliat the Pancreatic Juice is essen- 
tial for the digestion and absorption of fats, for no absorption is 
evidenced by the appearanec of fat in the laeteals until the foodstuffs 
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have reached the point at which the pancreatic duct opens into the 
duodenum. In man the ducts from the liver and the pancreas join to 
form a common channel of discharge, in the dog the two ducts enter 
the intestine very close together, but in the rabbit a considerable 
interval separates the openings of the two ducts, the Bile from the 
liver being discharged into the intestine at a point considerably above 
that at which the pancreatic duct opens. In the space between these 
two ducts no absorption of fat whatever is to be observed after a meal, 
but immediately below the pancreatic duct the lacteals are seen to be 
filled with emulsified fat. 

Not only the pancreatic juice, but also the bile is essential for the 
absorption of fat, however, for if by surgical procedures the bile-duct 
be made to open into the intestine hcimv instead of above the pan- 
creatic duct, tlie lacteals in the space between the ducts, notwithstand- 
ing the admixture of pancreatic juice with the foodstuffs, are again 
seen to be clear and free from fat, while immediately below the new 
point of entry of tlie bile-duct into the intestine active absorption 
of fat is evideiK'cd. Moreover, partial or total occlusion of the bile- 
ducts tliroiigh catarrhal conditions or tumors is not uncommon, and 
thisinvariablyleads to very defective absorption of fat, a large propor- 
tion of unabsorbed fat passing into tlie feces even when the discharge of 
pancreatic juice into the intestine has not been interfered witli at all. 

Two separate factors are therefore essential for the proper absorp- 
tion of fats, namely, the bile and the pancreatic juice. The fat-split- 
ting enzyme Lipase is contained in the pancreatic juice and not in the 
bile. The essentiality of the bile in this process arises, not from any 
power of digesting fats which it possesses itself, but from the facili- 
tation of the digestion of fats by pancreatic juice which brings it about. 

The fats differ from the other nutritive constituents of the diet in 
tlieir insolubility in water. The enzyme, lipase, which accomplishes 
their digestion is, liowever, not only soluble in water, but secreted anti 
poured into the intestine in a watery medium. To secure contact of 
these substances of diverse solubilities some special mechanism is 
required, and this is supplied by the Emulsification of the fat, partly 
by the alkaline carbonates contained in the pancreatic juice and the 
bile, but especially by the Bile-salts, sodium glycocholate and tauro- 
cholate. 

By the action of alkalies and alkaline salts upon partially hydrolyzed 
fat containing a little fatty acid, Soaps are formed, by combination 
of part of the base in the alkaline salts with the fatty acid. 

NaaCOa + CirHaaCOOH « NaHCOa + CivHasCOONa 
Sodium carbonate Steario acid Sodium bicarbonate Sodium stearate 

The presence of a small amount of soap facilitates the formation 
of an emulsion of fat with water because the soap tends to collect in 
a film at the surfaces of the oil-droplets and impedes their coalescence 
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into Isirj^or <lro])S. Tlu‘ coiiccMitnilioii of tlu* soap at tlu* surface's 
of tlio <lropl<'ts is hroii^^ht alxait l)y the fact tliat it 1o\v<ts tlu* Sur- 
face-tension of 1h(‘ oiI-\vat<'r interface', so that, a film having on<*<» 
hee'ii formed, if a discontinuity should appe'ar in it, tlu' surface' e»f 
e>il vvhie*h is exposed will have' a. j^re'ate'r te'iision than the' surfae'e' e>f 
se)ap whie'h e*ove'rs the re'inaineler e)f the* dre)ple't. ‘'Flic' e'lVes't e>f this is 
te) ca.use the* e'xpose'd surfae'e*, whe*re the* film is hre>l\e*n, tei contract 
ine>re* fe>re*il)ly tlian tlu* re*mainele'r anel thus pull tiu* <*<1^<'S of the* film 
te)f>:i'lher aj^ain. 

'^riie* emulsilicatieiii e»f the* fats in the* foodstuffs is thus initiafe»d hy 
the alkaline* e*arl)e)nate*s in bile anel f)ancre*ati<‘ jnie'e*, fe>rmin^ soaps 
with the* tra<’(' e)f fatty aciel arisiujij fre>m lipe)lytic ae'tie)n e)f the* gastric 
juie'C. "Phe* emulsiryin^»;-pe»wer e)f the se)aps is, howe'Ve*r, far infe'rior 
te) that e>f the l)ile*-salts, \vhie*h re'clues* the* te'nsie)n e>f the* e)il-\\ate'r 
inte'rfaee a. jj:re*at ek'al nie)re* than se)aps e!e>, and the* alkaline* salts e)f the* 
panere'atie* juice*, imaiele'd l)y the se)eliuni ji;lye*eK*holate' anel taiiroclujlate* 
e)f tlu* bile*, are unable* to bring abeait suflie‘ie*ntl\ ra])id anel e*e)!nple*te* 
e'inulsifieatie>n to pe'rniit dige'stie)n anel absorptie»n to exs'ur with the* 
ne*<'e'ssary rapielity te) e'lisure* total utilization of the* fats m a me'al. 
Furthermore', the bile'-salts, in some* wa> whie'h is imt \vi full\ nneh'r- 
stexiel but wbie'b also probal)l.\ arise'S fre)m re'due'tiein of surfaes'-te'iisions, 
fae'ilitate* the* Absorption e>f the* fatty ae*iel and gl.sceiol b\ the* inle'stinal 
e'pitbelium nft(*r the* elige*stie)n e)f the* fat has l)e*e*n e*eunph*te*<l 

The* e'lnulsifie'atieai e)f the* fats e*ne)rme>usly e*nhan<e‘s the* are*a e)f fat 
anel, tlu'refore*, the* imnibe'r e)f fat-me>le*<*ul(*s whie'h are* e*\pe>se*d siinnl- 
tane*e)usly te) the* aedion of lipase '’Phus e)ne* e'ubie' e*e'ntinicte*r of oil 
delating upem the* top e»f wate*r in a te*st-t ube* w hie Ii is e>nc ce'iit iine*tcr in 
<liame*ter will be* in cenitaed with the* wate'r o\ e*r an are'a of 0 TSo sepiare* 
evntinu'te'rs- '^Plie* same Nedume* eif e)il, bre>ke*n n|) inte> t<*n the)nsanel 
elre)ple*ts and elistribiite*d threaigh the* w^ate'r, weaild e'xpeise* a siirfae-e* e)f 
ne) k*ss than a hunelre*d sepiare e*e*ntime*te*rs to e'e)ntact with substan<'e*s 
ehsseilve'el in the wate*r. Ile'iie'e the* eireipk'ts fe)inie'el b\ e'lnulsilicat ion 
are rapielly ereiek'el anel finall.N e*e)nsuine*el anel ee)nve'rte*el into fatt.\ 
aciels anel glye*e*re)l by the Lipase in the' pane're*alie* juie-e*. 

Tlu* <*arbohyelrate* and the* pre)te*ins are* breike'ii up b.\ the* elige*sti\e' 
fe^rnu'iits and tlui inte*stinal e'pitlu'lium inte) the*ir simple* e'enistit ue*nts, 
anel the*se* arc* absorlx'el anel e'arrie*el te) the live*!' as sue*h, to be* subse*- 
epiently elistribute*el therefreim e)Ve*r the beiely. The* fats, ein the* exin- 
trary, reach the bkieiel threiugli the lymphatic cireailation withe)Ut 
pre'liminary e'laboratiein eir reassortine'ut by the* liver. ( kirre'sjxaieling tei 
this fae't w^e fine! that tlu*y are* thrown into the* e'ire*ulatie>n, not in tlu* 
form of their simpler <*e)mpoiu'nts, but in the ceiniparative'ly e'labeirate* 
form e)f Neutral Fat. The fatty aciel and ak'eiheilie* radie-als e)f the* 
eiriginal fat are, in fae*!, (iiiantitative*ly ree'oinhiiu'el wdthin the* bri<*f 
period of their passage through the substance e)f tlu* intc'stinal t*i>ithe*- 
lium, and the weirk of digestion is completely undone again befeire* the 
fat appears in the lacteals. 
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It was inevitable that the appreciation of this fact by investigators 
should suggest the question whether and to what extent the preliminary 
hydrolysis of fats by lipase is essential. If the hydrolysis of fat is 
completely reversed within so brief a period and distance, is the 
hydrolysis itself a necessary prerequisite to absorption 

Much investigation has been devoted to this problem, and as a 
result we are in possession of a variety of results arising out of different 
methods of attack. These results indicate that notwithstanding the 
fact that the hydrolytic splitting of the fats is so temporary it is never- 
theless essential. Thus fats which are not hydrolyzed by lipase, and 
cholesterol esters, waxes and hydrocarbon oils which simulate fats in 
their solubilities and other physical characteristics, but are not decom- 
posed by lipase, are not absorbed to any measurable extent. Even 
when vaseline or liquid petrolatum are administered in emulsions, 
formed by mixing them with small quantities of an emulsifiable fat 
or oil, over ninety-five per cent of the hydrocarbon is recoverable, 
unaltered, in the feces. The same is true of Lanoline, which consists 
of a mixture of cholesterol esters of fatty acids and is not saponifiable 
by lipase. These esters are not absorbed; they pass into the feces 
unaltered, although free cholesterol itself can be shown to undergo 
absorption. 

Fatty acids which are normally foreign to animal tissues are absorbed, 
but only when the fat is previously split into its constituents by lii)ase 
This has been most conclusively shown by the following very beautiful 
cx])erimont of Bloor’s Bloor prepared the fatty-acid compounds of 
the i)olyatomic alcohols derivable from sugars by reduction. Among 
these Dilaiirate of Isomannitol has a high dextrorotation while the normal 
body-fats are o])tically inactive. On administering this substance to 
dogs 111 their food and collecting the ch> le from the thoracic duct a large 
])roportion ol lat ^^as o!)tained which yielded Laurie Acid on hydroKsis 
Laurie acid is not foun<l normally in animal fats, and it must therefoie 
Iia\e been derived from the isomannitol dilaurate which had been 
administered. But the fat obtained from the thoracic duct was also 
opftcdUy titarfiir, therefore, it cannot ha\e consisted of isomannitol 
dilaurate. The accuracy of the method v as sufficient to ha\ e detec*ted 
the absorption of 0.5 per cent of the isomannitol dilaurate which had 
been administered Not more than this proportion , therefore, can ha\ e 
been absorbed without previous hydrolysis by the pancreatic lipase. 

When Glycerol is prepared from fats, the fatty aends wdiich may be 
liberated from the soaps which are formed during the process are nutri- 
tionally valuable, but exceedingly unpalatable The manufacture of 
Nitroglycerin, therefore, involves a great wastage of food-values which 
can least be spared during warfare, when nitroglycerin is most needed. 
If, however, triolein, olive oil or tristearin is heated with Mannitol under 
reduced pressure, the glycerol is displaced by mannitol and distils over, 
leaving a fat with a mannitol base instead of a glycerol base. This sub- 
stance is palatable and of excellent nutritive value, over 95 per cent of 
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tlic inatmal Ix'iiiK utiliz«‘<l. It is possible, tlu*refor<‘, that in 

the future the inanufaeture of uilrof?ly<*eriii iiuiy not invoh the \vastajj:<'‘ 
of food-valuc's, which has h<T<‘tofore been unavoi<!able 

The (*arb<)hy<lra1('s, and, as wv shall s(X‘, the prot<‘ins art* absorlxMl 
in the form of llu* simph'st <*omponents into w'hich th<‘\ can b<‘ <*on- 
verted by the hydrolyzing <*nzymes and are distribnt<xl to tia* tissm^s 
after having pass(‘d through the liv(‘r. 'Hie fats, on tli<* contrary , an* 
thrown dir<*etly into the <*ireuIation in a. <*oinparatively coinph*\ form. 
Corresponding to this (lillerence in the nudlnxl of <li.stribution we find 
that the eomi)osition of the tissue-fats is very much more d<»p<*n<h*nt 
upon tlu* varying natur<‘ of th(*<net than that of tin* tissue-(*arbohy<lrat<*s 
or the tissii(’‘-])rot<*ins. Thus Erucic Acid, ('.nIluCOOH, is iu*v<*r nor- 
mally ])r(*s(*ntin the tissu<*-fats of dogs. 'Wtif rap<*-s<»ed oil, whi<‘h con- 
tains notable ciuautities of eru<*i<* aciil gly<*eride, lx* giv(*n to starving 
dogs, this fatty acid may subs<*<juently be lsoIat<*d fn>in th<‘ir tis.su(*s 
The normal melting-point of <log-fat is 20*' (’. Munk allowed a <log to 
fast for ninet('en days, until the tissue's wen* presumablx fr<*c of n\s(*r\ e- 
stores of fat. 'Phe <log tln*n weiglnsl sixt(*(*n kilograms It was now 
fed for fourteen <la.\s with mutton tallow 'Flu* W(*ight of tin* animal 
iiu*reas<*d during this })c*riod by st*vi*nt<'(*n p(‘r (*(*nt On “lr\mg out” 
the tissues 1100 grains of fat wen* obtaiiH*<I and its m<*lting-point was 
•10“ ( \ The administration of tlu* fat of high inelling-|)oint had, und<*r 
these conditions, l<*<I to an abnormally high nK‘lting-p<ant of tin* fats 
laid up in the tissu(*s 

Th<‘ results which w(* have* (piot(*d were ol)tain<‘d with starxmg 
animals. Uiuler normal conditions, hoW(*ver, when the tissu(*s arc not 
deplot<*d of fat-n*s<*r\ <'s, th<*\ am* able to e\<*i t som<* nn*asiin* of control 
over th(' mitiini of tlu* fats w Inch th(*> assiimlatc* Munk m\ (‘stigat(*d a 
patient who was ainict<‘<I with a fistula from which it was possible* to 
collect the ehyh* b(*for(* it <*nt<*r<*<l tlu* hiood-stn‘ain \\ h<*n this 
patient was feel upon a eliel eontaiiung ne» e>the*r fat tlian mut teui-fat, 
the ehyle-fat had iu»verthele*ss a lower m<*lting-pe)mt than muttein-fat. 
When tlie ])atient was feel with no fat at all l)Ut Cetyl Palmitate, whie*h 
melts at r)r)“, the ehyle-fut w'a,s femnd to nu*lt at UO” aiiel te> <*euisist of 
a mixture of Glyceryl Tripalmitate and gl.\ <'(*rieh*s of Oleic Acid te> tlu* 
extent of fourtee*!! per e(*nl of the mixture, aeljuelg(*el hy the abse>iptie>ii 
of iodine hy the mixed fats. lienee uiuler ne>rinal (‘onelitieins a nu'asun* 
of control is exerted by the intestinal wall itself and a, i>roportic)U of 
glycerol and oleic aci<l may be furnislieil to suppleuu*nt the d<*fici<*ii<*i<*s 
of the dietary. This of course bc*<*onK*s impossihh* if tlu* gly<*<*ri<I<*s of 
oleic acid w’hich arc present in normal tissu<*s have be<*n previously 
depicted hy starvation. 

The fats may also be modified in the opposite ilireetiou and th<* 
proportion of oleic a<*i<l glyeerid<*s reduced (luring th(*ir transmission 
tliroiigli the intestinal epithelium. Thus when Cod-liver Oil, whi(*h 
contains a great excess of unsaturated fatty acids, is administ<*.nxl to 
dogs, the iodine number of the fats after absorption is less than that 
of the fat in the food. 
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In consequence of our ability to utilize fatty acids which are normally 
foreign to our tissues, the various vegetable fats and oils are, as a rule, 
well utilized by human beings. This is illustrated by the following 
estimations by Holmes and Deuel: 


Vegetable 

Percentage 

fat or oil 

ptilized 

Avocado fat 

88 0 

Cohuxie oil 

99 0 

Cupassu fat 

94 0 

Hempsoed oil 

98 5 

Palm-kernel oil 

98 0 

Poppyseed oil 

98 0 


This fact is of importance, because the various substitutes for butter, 
or Margarines, are more or less largely composed of mixtures of vegetable 
fats and oils. The Hydrogenated Oils which are widely employed for 
culinary purposes are also excellently utilized. It is necessary to recol- 
lect, however, that these vegetable fats and oils are generally deficient 
in tlie Fat-soluble Food Accessory, and that, for this reason, preparations 
derived from them cannot entirely replace animal fats in the dietary. 

The absorption of fat leads to a temporary increase in the fat content 
of the blood, where it is held in a finely emulsified condition. The 
ingestion of fat-rich foods, as, for example, cream, may result in an 
increase of the fat-content of the blood to no less than six times the 
normal concentration during the intervals between absorption. Under 
such circumstances the blood-serum obtained by centrifugalizing 
tlefibrinated blood is often cloudy with suspended fat and globules of 
fat may not infrequently be found floating upon the top of tiie column 
of fluid in tlie centrifuge-tube. Ultimately the excess of fat disappears 
from the blood, the neutral fats having been built up into the fatty 
connective tissues. The greater part of the fat-reserve is contained 
in special fat-cells, in which tlie fat appears, at first in small globules, 
and later in larger globules which coalesce until the accumulation of 
fat forces the protoplasm into the periphery of the cell, so that it 
presents an annular appearance on cross-section, with the flattened 
nucleus forming a slight thickening of the ring at one side. Occasion- 
ally such cells disintegrate bodily, it being in this way tliat the solid 
constituents of Milk are formed in the mammary glands 

Upon allowing fat-rich blood to stand in laboratory-glassw'are at 
body-temperatures a proportion of the fat becomes diffusible. The 
nature of the change which occurs is not yet understood, nor is it certain 
whether or not this or a similar change in the properties of circulating 
fat precedes its absorption by the tissues. Under certain pathological 
conditions, and particularly in Diabetes, the percentage of fat in the 
blood is greatly increased above the normal, a condition which is known 
as Lipemia. It is stated that in these cases the power of the blood to 
render fats diffusible is diminished, the excess of fat being present 
wholly in the emulsified or non-diffusxble condition. 

17 



258 DKUilSTjnN AN!) ASSlMihATION OP' TUN NOOD.^TONNS 

Tt hus been found by Bloor that diirin|jf fat-absorption tlu* increast* of 
fat in tbc blood is associated with a parallel inert^ase of Lecithin, 'riiis 
increase occurs both in the {dasina and in tlu‘ corpiis<*l<‘s, but is usually 
greater in the cor|)uscles. From this be infc*rs tliat the bloo<l <M)rpus<*l<‘s 
take Tip fat from the idasma atid transform it into l(*cithin an<l that 
lecithin is therefore the <*ir(‘ulating form of fat. In diab(‘ti<‘ lip<miia, 
also, the high values for blood-fat are always a<*<*oinpanH‘d by high h^ci- 
thin values. It is particularly significant, from this])oint of \i(*w, that 
extensive hemorrhage results in lipemia in \vhi<‘h blood-h*cithin also in- 
creases, but in this case mainly in the plasma. Lipemia may be* r<‘gar<l<Ml 
as arising from a lack of balance betwtH'U the inflow an<l outflow of 
blood-fat. In diabetes the outflow (utilization of fat) is <h»fi<*i(M»t, and 
(‘on sequent ly fat ac(*Tnnulates in the Iilood. The fact that this incr(‘as<‘ 
is always accompanied by an increase of lecithin, sugg<‘sts that this 
represents a stage in the transportation or metabolism of fat 'rh<‘ 
synthesis of lecithin from fat would ne<‘essitate combination of th<‘ fat 
with ])hosphori<* achl, but, as Bloor has i>ointed out, tlau-c* is no lack of 
Phosphates available for this jmrpose, since the total <|uantit\ <»f inor- 
ganic i)hosphate in the blood at any given inonuMit is only a fraction 
(about one-eighth) of that which passes through lh(‘ blood daily and is 
excreted in the urine. In other wonls, phosj>hat(\s an* n^ailily an<l 
habitually passed from the tissues into th(‘ blood. '^Pla^ souic<‘ of th<» 
nitrogenous base. Choline, is, however, much mor(‘ difficult to assign, 
and at present no conjecture can be offered to account for its formation 
and synthesis into lecithin during the assimilation of fat 

On the other hand, it is possible that the l(»cithin which is found m the 
blood during lipemia is derive<l, not directly from th<* bhxxl-fat, but 
from the tissues. Usability to promote emulsification oi (‘\cn solution 
of fat would rciidi'r its i)rcs<»ncc in tbc blood of conc(M\ al>h‘ utility in 
enabling the transportation of tbc fat Since all tissin*s contain hx ithm 
the total HinoTint which may be available for this puipoM* is piohablN 
far in excess of tlie increase of hlood-Icx*itluii whu h actuall,\ o<*cuis in 
lijiemia. In support of this view we have tlu* fact that incrt^asc of 
bioo<l-l(‘cithiii is always asso<*iatc<l witli a jiaralh^l, or o<'casionall> <*\<*n 
greater increase of cholesterol, so that the ratio: 

iU(>o<l~choIo8tor<>l 

(loos not iiKwasc and may l)o abnonnally low as, for oxamph', in the 
lipemia of <liabetes. Now, cholcstcn>! could not Ih‘ deriv<‘d from neu- 
tral fat, and all the evidence which is at i)rcHt*nt availahU* tciuls to show 
that cholesttwl is not syntliesisse<l in animal tissues hut is d(‘riv<‘<l from 
phytostcrols in the diet (sec (’hapter V). Sin(>e the blood-elioh'stcrol 
in lipemia is almost certainly derived from elscwhens prefornuvl, tlicn*- 
fore, it is quite possible that the incxcasc of bloo<l-lecithiu is similarly 
derived from tlie tissues. Having regard to the fact that lecjtliin anil 
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cholesterol are very generally antagonistic in their effects upon tissues, 
it is not inconceivable that the high blood-cholesterol in lipemia owes 
its origin to an endeavor on the part of the tissues to maintain a normal 
lecithin^cholesterol ratio, not only in the blood, but also in the tissues 
themselves. If exceptional quantities of lecitihin are required in the 
blood to aid in the transportation of fat, then a parallel excess of 
cholesterol must accompany it to maintain the normal lipoid-composi- 
tion of the tissues which have contributed the lecithin. 

The Lecithins are very readily and rapidly split by lipase into fatty 
acids and Glycerophosphoric Acid. This latter compound, however, is 
not split by the digestive juices. It is not known whether hydrolysis 
necessarily precedes the absorption of the lecithins. The rapidity 
with which they are split by lipase indicates that at any rate a large 
proportion of the lecithins must inevitably be hydrolyzed before 
absorption can be completed. On the other hand the extreme solu- 
bility of lecithins in solutions of bile-salts encourages the view'' that 
a part at least of these substances may be absorbed without prelimi- 
nary digestion, and this view is further supported by the remarkable 
effects of egg-lecithin upon the growth and development of animals 
and upon the nitrogenous balance, when it is administered by mouth, 
effects which, as yet, have not proved possible to evoke by the adminis- 
tration of the constituent parts into which it disintegrates upon 
hydrolysis. It is, however, possible that these effects of administering 
lecitliin may be attributable, not to lecithin itself, but to impurities 
which are commonly associated with crude preparations of lecithin 

Cholesterol has been definitely showm to be absorbed as such. If 
an abnormal quantity of cholesterol be administered by mouth to 
animals, the c‘Nc*ess is laid up in certain tissues, particularly those of 
the Vivvr, spleen and suprarenal gland, and serious lesions may result 
from the ac<*uinulation of these deposits Certain organs, r (j , the 
khhieys, remain free from cholesterol deposits even when cholesterol is 
administered in very great excess, but if lesions arise from some other 
caiivse, for exaiiqile, if Nephritis is induced by the administration of 
uranium salts, then cholesterol tends to become deposited in the 
injured tissues In ralihits, but, so far as has yet l)eeii ascertained, not 
in other spe(*ies of animals, the administration of excess of cholesterol 
is follow^c<l by the formation of large deposits in the iiitima of the 
arterial w'alls, particularly in the wall of the aorta, leading to the 
formation of atheromatous lesions resembling those w'hich are observed 
in cases of Arteriosclerosis. 

The Cholesterol Esters, however, are not saponifiable by lipase and 
are not absorbed. Hence Lanoline, administered by mouth, is recover- 
able quantitatively in the feces. 

The Bile-salts, which serve as a vehicle and adjunct in the absorption 
of the fats, undergo a partial circulation in the body, for after entering 
the small intestine through the channel of the bile, they are partially 
reabsorbed during their passage with the foodstuffs down the intestine. 
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Thus, Glycocholic Acid is nearly absent from the bile of <‘arnivora, imt 
on a(iniiuistcring tliis bilc-aei<l to carnivorous animals, it apjM^ars in 
important quantities in their bile. 

THE DIGESTION OF THE PROTEINS. 

Until a very few years aj?o it was ^^cnerally li<‘I(l tliat tlie prot(*ins 
were absorbed from the stomach and intestine in ihe form of Peptones, 
an<l, in(lee<l, prior to Ihe first years of th(‘ pr<‘s<‘nt <'<*ntiiry, it was 
believed in many quarters that not mer<‘ly p(‘pton(‘s, but <*ven unal- 
tered i)rotein, or at least infraproteins resultiuf^ from tin* vc*ry <*arli<‘st 
cleavage of the native protein moleetile, might l>e absorb<»d without 
further hydrolysis. 

This view of protein-absorption stood in rather striking <'ontrast 
to our knowledge of the absorption of otlior foodstuffs whi<‘h w<‘n‘ at a 
(*()m])aratively early <late known to undergo <*om])h‘t(‘ or lu^arly com- 
plete hy<lr<)lysis jmor to their absorption. Mor('ov<‘r, tlu* (elaborate 
machinery of enzymes for the splitting of proteins not only to p(‘ptoii<‘s, 
but to amino-aeids, which is ]m)vi<led by th(‘ dig(\s(i\e organs wouhl 
api)ear, if the older view w<Te eorre<'t, to exist without au,\ n(M‘<\ssary 
purpose or fuiu'tioii ConsidiTing these facts it may appear strang«* 
that so exeeptioual a view of protein-ahsorption should ha v<‘ gaine<l 
general aceei)tanee; but, as usual in tin* historical d(*\(*lopin<‘ut of 
science, a misinterpreted exj)eriment furnisluxl the fouiMlation for an 
extensive edifice of erroiu^ous liypothesis. 

The observation which le<l us astray was th«* ()Ut<*oni<* of an (*\p<‘n- 
luent by Voit, who, in isr)t), show<*d that undig(‘st(‘d piotcins, umni\(Ml 
with gastric or paiiereati<* juice, ra])i<lly disappc^ar wIumi tluy are 
iiitrodiiei'd into a ligated loop of small int<‘slin<‘, \\lnl(‘ a lilth^ lat(‘r it 
W'as further found by Ilofineister that prot<*os(‘s ami pt'ptones similarly 
disa])])ear when introduciMl into an isoIate<l loop of iiit(*stin<‘ 'Hie 
hitter of these observations r<‘e(*ived its c‘orn»c( intt'rpn^tat loii wluMi 
Cohnbeiin, in lilOl, showe<l that the Succus Entencus which is sc^cn^ttxl 
by the mucous incmhrane of the small ui((‘s1mh\ contains i\n <‘nz;vme, 
Erepsin, which hy<lrolyz<\s proteos<\s and pt'ptoncs to amino-acids, 
leaving, however, uativ(‘ prot<Mns, W'ith th<‘ (»\<*(‘ptions of eas<*iii and the 
protamines, iinattacked. The disap])<'urane(* of pc^ptoiu^ from an 
intestinal looj) is therefore a<-eouiite<l for by its hydrolysis \>^ (Tcpsin 
into ainino-acids The disappearance of nativ<‘ protedns, su<*h ns egg- 
albumin, from isolated looi)s of intestine, is, however, a. more <lifiieult 
matter to interpret, and it cannot yet be said to have b(*<ui eomph'tely 
elucidated. It is, however, certain that unch^r normal conditions 
unaltered proteins never roach the circulation by absorption from the 
intestine, for the following reasons: 

In the first place, when native j)roteins ar<‘ inj<*et<^d into the (dren- 
lation, a proportion of the protein thus introdueccl app<*ars in tlu^ urine. 
Evidently it iwS treated as a foreign constituent of the blood and dis- 
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charged, in so far as that is possible, by the kidneys. Another portion 
of Ae protein is discharged by the kidneys in a non-coagulable form 
which is still, nevertheless, a protein. At the same time there is a 
marked increase of proteose-like substances in tlie blood and some 
increase of the urea-output. 

To some extent, but a very limited extent, therefore, parenterally 
introduced protein, that is, protein injected directly into the circu- 
lation, may be utilized by the tissues, since a proportion of the protein 
is evidently converted into a normal product of protein catabolism, 
namely, urea. But it is also evident that the utilization of protein 
thus introduced is imperfect, that it is abnormal because the urine 
contains protein, which is not the case when proteins are absorbed 
from the digestive tract, and that the utilization of the protein which 
does occur is preceded by hydrolytic cleavage. Moreover it is not 
even certain that the additional urea-output which results from the 
injection of foreign proteins is due to utilization of the protein itself, 
since it has been foimd by Mendel and Rockwood that the intro- 
duction of a foreign protein, such as Edestin or Casein, into the circu- 
lation leads to a considerably more than proportionate increase of 
the nitrogenous excretion, in other words, to actual destruction of 
tissue-proteins. 

In the second place, the intravenous or subcutaneous injection of 
proteins which are foreign to the tissues of the animal receiving them 
results in the production of a variety of specific Antibodies or substances 
appearing in the circulation which have the property of precipitating 
or otherwise modifying the protein employed for injection. If tlie 
injections are repeated, and successive injections are separated by 
only a few days from one another, the result after some weeks is tlie 
production of a specific Precipitin which circulates in the blood of the 
immunized animal, so that if the blood-serum of the animal be now 
mixed with a solution of the protein which was employed for injection, 
that protein, but no otlier, is precipitated. If a single injection be 
made and then a second only after a considerable interval, e. g,, three 
or four weeks, tlie effect of the second injection is to induce Anaphyl- 
actic Shock, a condition which so strikingly resembles peptone-poison- 
ing tliat many investigators are of the opinion that it is due to the 
development in tlie tissues of the sensitized animal of an enzyme having 
the specific ability to rapidly break down the particular protein 
employed and to convert it into proteoses or peptones. 

Now it has been shown that even after the introduction of excessive 
amounts of native protein into an isolated loop of intestine, although 
the protein disappears and would seem to have been absorbed, yet no 
evidence is obtainable of the development of antibodies in the circula- 
tion of the animal so treated, nor is there any sensitization, so that a 
second dose of the protein, after a considerable interval, does not give 
rise to symptoms of anaphylactic shock. 

There can be little doubt therefore that proteins are not absorbed 
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willioiit. pnn'ious hy<lr<>I,vsis, ami is iimcli ground for sup{><»sin.i' 

tlia-t rvoii that proportion of paroiitc'rally intro(lu<*<M! prot<»in \vlii<*h i.s 
utilised by 11 h‘ tissues is utilized simply IxM-aust* it has been <‘\eret<‘<l 
into the intestim^ an<l r<‘a.bsorb<‘<l tlu^n^from aftcM' <!ig<*stiou. 

The ease a^ijaiust the direct absorption of p(‘pton(*s from th<‘ intestine 
is an even stron^^er on<% for a eonsulerabU' j)roportion of tiu* prot(‘os<»s 
and p<'j)ton<‘S arisinj^ from the ineoinj)l(‘ti‘ hydrolysis of protedns an‘ 
didinitely t()\i<*, a.n<l tb<‘ absorption of this typ(* of prol<dn <li^<*stion- 
pnxliK't vvouh! l(‘ad to itux'ssant foo<l-into\ieation. It is (rn<* that 
peptones may be absorlaxi from a /n/atrd stomach, an<l p<‘plon<»s and 
prot(‘oses resultiiifi; from s<‘<*ondary <le^enerative ehanj^es in tin* int<*s- 
tiiuil epitbelium may 1)(* absorbed aft<M‘ prolonged ligation of an intes- 
tinal loop, and may pro<lue<' s<‘V(Te symptoms of p<‘pton<' intoxication 
Th(‘S(‘, h()\vev<T, are eireumstanees not in tb<‘ h^ast eomparabh* with 
those attending normal dig<‘stion, for a ligat<sl an<l dist<SHb‘<l sfoina<*h 
becomes ])ermeabl(‘, as w<i have seen, to carbohydrate's NNhieb an* 
normally not absorbed until they reach tin* int<'stm«‘, so that tin* 
))(*rmcability of the gastric mucosa is (“vidc'ntl.N dc'ranged by tins 
process. ''Fhe absorption of toxic prot<*os<‘s from an infe'stmal loop is 
attained only after very prolonged ligation, and whih* this <s)n<lition 
may be comparabh' witli that pn'\ ailing in s<'\<‘rt' mte'stinal stasis, it 
is certainly not comparable' with the* normal phe'iiome'iia of digestion 
anel absorption 

In certain e*as<‘s, which must be aelmittesl to be' (*\<*(‘ptional, indi\i<l- 
uals may elisplay phenonu'iia of Anaphylaxis iifte'r the' inge'stion of 
])artie*ular prote'ins toward which the' indi\idual has an idios\neias\ 
Thus, byperse'nsitive'iu'ss to the' preite'ins e>f horse'-se'ruin is n<»t unusual 
and is resfieinsible' for the maje>rity eif exise's e)f Serum-sickness anel (h*aths 
arising from the use of Diphtheria Antitoxm p re 'pa res I from hors<‘-.se*Mim 
It is e'spc'cially fre'epie'iitly elisjdaye'd by e*hre)ni<* astlimatie s A smallei 
pre)p()rtion e)!* melividiials are' liype*rsensiti\ e' to the' |)rote'ins iii the* 
wdiite e)f e'gg anel betra> sympteuns of aua|)h> laetie* shoe*k, sue h as 
Asthma, whe'u they have partake'ii eif e'ggs Otlu'rs, again, are* h \ per- 
sensitive to the ])re>teiu m strawberrie's, edhers to the* prote'ins in sbi'll- 
fish anel so Ibrth. In all eif tlu'se? e'asi's we must assume*, fieim the* ebar- 
aeter e>f the* symptoms, that the* abse>rptie>n eifa proportion of unalle*re'el, 
native protein is respemsible feir the elise)rele*r The* preipeirtion eif pre)- 
tem abseirbed which wxnilel sufliec te) ae'e'eamt feir tlie'se* e'lVe*e‘ts, bow’e'\e'r, 
is excessively small. Thus Wedls has sbow^n that the* inje'ction e)f suedi 
a inimitc amenint as one milliemth of a gram of crystallize 'el e'gg-albumin 
will semsitize a guiiU5a-i)ig, se> that a subsequent intrave'neais inje'e*tion 
of ne> more than erne-tenth of a milligram of the same substanex* wdll 
lead to fatal shock. The eoinparative^ rarity e)f tlu'se plu'iiome'iia e>f 
protcin-iutoxieatiem anel tlic minute.^ pre)|)ortion of abse)r|)tion e>f 
unaltered protein which would evidently suffice to e^vokei them, alVorel 
eloquent testimony to the difficulty wdth which native* prote'ins anel 
pei)toiics are absorbed without preliminary elige'stion. 
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We are thua brought indirectly and by the exclusion of other possi- 
bilities, to the conclusion that the proteins of the diet must be com- 
pletely broken down into Amino-acids prior to their absorption. Direct 
evidence of the correctness of this view has, however, been obtained 
in recent years in a variety of ways, of which the following are the 
more important: 

In the first place it has been ascertained, thanks to the researches 
of London, that during the normal digestion of proteins in the intestine 
large proportions of amino-acids are actually formed and progressively 
absorbed subsequently to their formation. The experiment consisted 
in establishing a number of fistulas at intervals along the intestinal 
tract, so that samples of the intestinal contents could be withdrawn 



7 — Dos wlfh intcbtiiial aii<l t^laiidului fistulce. (After Loncion ) 


and examined after varying periods of intestinal digestion. The 
animal was fed with measurecl amounts of pure proteins and the diges- 
ti()n-i)roduets obtained from the successive sectors of the intestine 
( Fig. 7) It was found that these samples contained notable amounts 
of ainino-ac*ids and, moreover, that the relative proportions of the 
amino-acids arising from the dietary protein differed in different sec- 
tions of tlie intestine. Thus when the animal received the protein 
Gliadin, the duodenum contained 0 75 gram of tyrosine to 2.5 grams 
of glutamic acid; the jejunum contained only 1.1 grams of tyrosine 
per 20.9 grams of glutamic acid and the ileum contained only a trace 
of tyrosine as contrasted with 33 grams of glutamic acid. Evidently, 
therefore, not only are amino-acids formed in the normal intestinal 
digestion of proteins, but they are absorbed selectively^ e. g., in the 
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particnilar case in point, tyrosine was absorheil from the intc^stiin* 
much more rapMly than j^lutamic acid. 

In the second place it has been shown by Kolin aiul Denis that if 
amino-acids are iiitro<liicc<l into a loop of intestiiu' tht* non-prott^in 
nitrogen of the blood is dechledly incTeased <luring th<‘ period that 
absorption might be supposed to be occurring, and th(‘ origin of this 
iiUToase was subsecpiently demonstrated by Abdt'rhalden, who, b,\ 
em])loying an enormous volume, fifty liters of blood, su<’c<‘e<U‘d in 
< lemons! rating the presence therein of the anuno-a<‘ids glycine, alaniin*, 
leucine, valine, })roline, aspartic acid, glutamic* acid, arginiiu*, hist i< line* 
and lysine. 

It has furthemiore l)een shown by Abderhald<*n, I !<*nriqn<*s and 
others that animals may be inaintiiined in perfect nitrog(*noiis c*<pnlil)- 
rimn for prolonged periods on a diet (*ontaining no other souht of 
nitrogen tlian amino-au‘ids. It is n(*eessairy, h<>vv«‘v(»r, to imhale m 
this diet all of the iimiiio acids w*lnch <*ontribute to tin* compo.sition of 
the various tissue-proteins. The omission of Tryptophane, for e\aniph‘, 
lejids to daily loss of weight auul, in ell’ect, to nitrogcMi-starval ion 
Nitrogen equilibrium and even nitrogen retc'ntion, i r , a(‘<‘n‘tinn of 
tissue, W 51 S secured by Ahderhalden in at dog to which a du^t was ad- 
ministered eontauning the following aidmixture of amino-acids as (h<‘ 
sole source of nitrogen. (iIyc(K*oll 5 granns, d-ahinint* 10 grams, l-sm ine 
o grauns, I-cystinc 2 graiins, d-valine 5 grams, 1-I(*ucui<* 10 giam^, 
d-iso-leueine f) grams, 1-aispairtie aicid r> graims, d-glulaumc acid lo 
grauns, l-phenylailaiUTie 5 grams, 1-tyrosine f) graims, l-l>sme r> giaims, 
(1-arginine 5 grauns, 1-proline 10 grams, l-histidiiK* o grains, l-ti\p- 
tophaine T) grains. The daiily raition of auniiio-acids lhen‘f<»rc weighed 
100 grauns and contained 1.*>.87 grams of nitrogiai. It approMmatcI\ 
resembled in com]>ositioii the mixture of products whn’h results from 
the hydrolysis of the protedns of inuseular tissue*. 

We have seen therefore: (1) Thait aunino-acids am* formed m im|)or- 
taiit jiroportion in the int<*stinad dig(*stion of prot(*ins (2) "Unit aimmo- 
acids may be aibsorbed from the intc'stine, amd tO) thait aiiiiino-aicids 
sufliee to supply tlie nitrogenous needs of tlu* body We* may iidVr 
that the absorption of aimino-aicids is ai iiorinal amd probaibly tin* only 
normail method whereby the imiteriails for the* synthesis of prot(*ms 
air(5 conveyed to the tissues. 

The diflieulty of demonstraiting the pres(‘nc<^ of ainiuio-aicids in tin* 
blood after the absorption of the digestion-prod u<*ts of protein airis(*s 
from two sources: Firstly, the slowness of absorption amd th<‘ raipidity 
of circulation which result in extreme dilution of tJn* aiiiuno-ai<‘id 
products wliich enter tlie portal venous system, amd sc'condly, tin* 
rapidity witli which the amino-acids in the blood ar<i aibsorb(*d from it 
by tlie tissues. The amino-aicids are liiereforc pres^iut in the blood, 
even during the height of absorption, only in very small concentratlions 
and, to add to the difficulty of the problem, the blood is a fluid which 
is very rich in nitrogenous substances, proteins, which iuterfe^re to a 
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serious extent with tlic chemical manipulations which were formerly 
necessary for the determination of small concentrations of amino-acids. 
In recent years the development of our technical knowledge has 
simplified and enhanced the accuracy of our methods of estimation 
and, in particular, the development of the nitrous-acid method of 
estimating amino-nitrogen immediately enabled us to detect with 
ease and certainty the accumulation of amino-acids in the blood which 
accompanies absorption after a meal rich in protein. 

The absorption of amino-acids from the intestine and their conse- 
quent presence in the blood has also been very beautifully demon- 
strated by Abel, employing his method of Vividiffusion. This method 



Fia 8 — A bora vividiffusion apparatus (After Maclcod ) 

consists in deflecting a fraction of the blood-stream an<l causing it to 
pass through a series of collodion-tubes before returning to the general 
circulation. The collodion-tubes are immersed in a salt solution of tlie 
same concentration as the inorganic salts in the blood, so that dif- 
fusible substances other than inorganic salts dialyze out of the blood 
into the saline solution- By renewal of the saline solution considerable 
quantities of the diffusible substances in blood may be collected and, 
among others, various amino-acids (Fig. 8). 

It is thus evident that the protein constituents of the dietary are 
absorbed into the circulation in the form of their amino-acid compo- 
nents, some selection of the amino-acids transmitted to the blood being 
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<‘\rr<*iMMl l>> llu‘ mt<‘ Jinal (^pitlirliniii. 'riu' ((!U»s<ion now arises a^ (o 
w'li<‘ns and in wlia< w ay , t ln‘s<‘ aniino-at'it! fra|!;ni(*nts an* rr .x 
into protoin. 

Ainino-iutro^<Mi <!ot<Tiuinati<>ns show that tin* (‘Xooss of a»nino-aoi<ls 
which a<*<*uinula.t(‘s in the* hlotxl after a meal V(‘ry rapi<lly <Iihapi)<‘ars, 
wliile <*oineidently a eonsideraible iiiereaise in tlu‘ fr<*e ainino-aeids i^ 
found to have taken i)laee in tlie tissues. Tlie a!nino-a<*ids an* then*- 
for<* stored U}) in the tissues. There is a limit, how e\er, to tin* (•aj»a<‘it \ 
of the tissues to retain ainino-aeids, and this upp(*r limit of eapa< it.v 
varies with <!iiVerent tissues. Thus the ujiper limit in tin* <'aso of 
museular tissues is about Tf) millijyrrains of amino-nit rof*:(*n p(*r lnni<lr<**i 
grams of tissue. This <*hara<*teristie limit (‘annot lx* ov<*rst<*pp<*d, 
an<I if the cpiantity of amino-nit rog(‘n brought to tin* tissn<*s (*\<'<*<*ds 
their Assimilation-limit, the e\<*ess of ainino-aenls in tin* blood is 
<lestr<)yed by Deaminization, the nitrogen b(‘ing sjdit oil* in tin* form of 
ammonia whieli is <*onverte<l by the liver into Urea, ^I'ln* Liver pla n s a 
loading jiart in this process and eontimuilh and rapidlx <h‘-»aturat<*.s 
itself by deaminization of tin* fr<*e amino-acids w'Inch it <‘onlams, <lonl)t- 
less other tissues share this ability, but tin? pow<*r of the !!%<*! to d<*anii- 
nizo amino-acids is certainly in <*\c<*ss of that of o(ln*r tissin*s. because, 
although other tissues do not show any gr<*at<*r a\i<ht> than tin* li\<*r 
for amino-a<*kls, ami <lo not reach a higher saturation-limit of ammo- 
nitrogen, yet W'ithin a f(*w^ hours after tin* saturation of tdl tin* (issue, 
with annno-a(‘ids w'hicli suc(*e<*ds a prot<*in-rieh m(‘al,oi inj<*ction of an 
ainino-acnl mixture, the other organs all contain mon* ainino-acal 
material than the Iivc*r. When we <*onsid(*r, also, that (he h\ci is an 
excee<lingly bulky organ, its ])ossession of a high deammi/.mg power 
ensures its overwhelming predominane<* in this proe(‘ss 

When for any reason, such as that alVord<‘d b.\ deg(‘in‘ia (n e ehamjie.'., 
the deaminizing i)ower of tin* liv(*r is impaired, this meehamsm for dis- 
posing of undue excess of ainino-aei<ls may pro\(‘ insnUien*nt and tin* 
kidneys may assist by e\(*reting uiialten*<l ainmo-a(‘i<ls I f, at (In* sann* 
time, the intn><lu(*tion of amino-aei<ls into tin* blood is unnatniall\ 
rapid, as for instance by rapid injc*ction of larg<* amounts of ammo-aeids 
in solution, tin* meebaiiisms for their disposal may pro\<* to lx* (*n(in*l\ 
ina<le(iuate and serious symptoms of intoxication, or e\<*n <leath,!na\ 
ensue 

The absorption of amino-aehls from tin* bhxxl is n<*\<*r conipl<*t<*, 
and free amino-a(*ids are still present in tin* blood <*v<*n wln*n tin* 
amino-aeid eoneentratioii in the tissues is far b<*Iow tin* saturation- 
limit. Evidently, therefore, we are <lealing hen* witli an <*<|nilibriuni 
somewhat resembling the partition of a dissolved suhstainn* ln»tw’(*<*n 
two iinmiseil)Ie solvents, inerease in the amino-aeid content of tin* bloo<l 
loailing to inerease, up to the saturation-limit, of the amino-aeid con- 
tent of the tissues, while the loss of tissxuv-pfotcnu \vhi(*h o(*<*urs in 
Starvation iinlicates that fliminution of the amino-uc*i<l eont<*nt of tin* 
blood may also lead to <lesaturation of the lissu(*s l)y tin* passage of 
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ainiiio-acids into tlic blood. The same mechanism also permits trans- 
fer of particular amino-acids from one tissue to another and explains 
the otlierwise surprising fact tliat certain tissues, for example malignant 
growtlis, may grow at the expense of other tissues, and also, in part, 
the fact that tlae loss of weight of the various organs and tissues in 
starvation is very unequal, certain tissues losing very heavily while 
others retain their weight very nearly undiminished until death ter- 
minates the process. It will be recollected that a similar equilibrium 
between tlie tissues and the blood obtains in the case of glucose and its 
anhydride, glycogen, a subnormal glucose concentration in the blood 
leading to the splitting up of glycogen and liberation of glucose by the 
liver to replenish the blood and thereby the muscular tissues, to which 
it carries the carbohydrate fuel which furnishes the energy-equivalent 
of muscular work. In the same way we may suppose that the amino- 
acids in the tissues stand in a relation of equilibrium to the amino-acids 
in the blood, on the one hand, and to the proteins of the tissues on the 
other. 

The proteins which are found in the various tissues of the body are 
highly specialized and characteristic of the tissue-elements in which 
they occur. The proteins in the various Connective Tissues are espe- 
cially diverse in their composition and characteristics Thus the pro- 
teins of fibrous tissue are extraordinarily rich in glycocoll, and those of 
elastic tissue are especially rich in glycocoll and also in glutamic acid 
Among other highly specialized proteins may be mentioned the keratin 
of horny epidermal tissue which is exceptionaly rich m cystine, the 
protamines, which are exceptionally rich in diamino-acids, and the 
mucins, wduch contain an amino-carbohydrate radical. In a less degree 
the jiroteins of every type of tissue and cell betray, either in biological 
or i)h,\sical behavior or directly, in chemical coni])osition, evideiu*e 
of distinctive architecture. 

The ciuestion of tlie loc*alit\ of Protein Synthesis has evoked a very 
great deal of dis(*ussion and promptc<l a variety of inv'estigations. 
Arguing that only the normal blood-proteins, the serum-albumins and 
serum-globulins, could be tolerate<l in the circulation, and assuming 
that the amino-acids w'ere not, as we now know that they are, absorbed 
as such, Abderhalden supposed that the amino-acids wduch result 
from digestion are synthesized into protein in the intestinal epithelium, 
just as the fatty acids and glycerol are syntliesized into fats during 
their passage tlirough the intestinal wall, but wdtli tliis difference, 
namely, tliat whereas tlie fats which are tlius synthesized bear a very 
close relationship to the fats which were present in tlie diet, tlie protein 
which was presumed to be synthesized must be limited to tlie blood- 
proteins characteristic of the species. 

This hypothesis, however, made it necessary to view the process of 
protein synthesis as a very roundabout and uneconomical one, for 
since the proteins of the tissues differ so markedly from one another, 
and also from the blood-proteins, the blood-proteins evidently could 
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not b<* built up <lir<‘<*tl.v into tissiio-protoins, but must lirst bo brokon 
down in tbo tissues tlieniselvos, their ainiuo-aei<ls resort<*d aiul rcNir- 
riui^oil an<l resyiitiu'sized into tlie eliarueterislh* proteins of the tissue 
in question, "rinis the syiithetie work of the int(\stin<^ would liave to 
bo undone again in ea<*h of the tissues. Moreover in many of tlu* 
tissues the i)roe<‘ss of n'degradation arul resyntlu^sis wotiI<l involve uu 
extraonlinary amount of w’ast<‘ of amino-atdd material. For example, 
the prot<Mns of eonn<‘<‘tivi‘ tissue's <»ouI<l not be synthesize'd at all from 
sorum-albuinin, beeause it eotitains no glyeoeoll, and e've'ii their syn- 
thesis from st'ruin-globulin woidd involve* a gre*at de'al of W'astage, 
be'eause, wlu'rt'as seTuin-globulin eontaiins only itf) per (‘i'ut of glye*o- 
eoll, the eonne<‘tivtM issue protedns e'ontain about 20 pe'r ex'ut, sei 
that not less than six moli'eule's eif serum-gle>bulin w'oulel have to Ihj 
elestroyed to build ui> oiuu moleuaile^ of exuinee'tive-t issue* pre»tein, anel 
the greater part of the remaining amino-aeiels in the'se* moU'etih's 
woulei not be nee<l<*d. What, then, is to be'eome* of Ihe'in? '‘Plu'V might 
1 x 5 lo(*ally eleximinizeel, hut the pn'doininant ele'aininizing tissue is that 
of tlie liver. In ordc'r to reach the live'r the re'je'e'tesl amino-aedels w'oiilel 
generally have to traved tliere'to in the circulation. If, e)n tlie* e’ontrary, 
the amino-aedds rc'jeeted by tlie <*oniU‘etive tissue's are* utilize'el hy 
another tissue, tlu'n in eireler to travel freun tlie* one* tissue to anotlu'r 
they must again ente'r inte) the* edreailation Whi<*h<*ve‘r h>poth('sis we 
adopt we are there'fore' e'oinpe'lle'el to re've'rt to the* pre‘se'n<*<' eif amino- 
aeids in the blood. 

The elise'overy that the* amino-aeid prodiieds of eligi'stion an* aediially 
absorbed into the blood-stream as such, and an* absorix'd from tlx* 
blood by the tissu<*s, rt'iiioves tlu'sc <*ompU'\itu*s from our nit<*rpr<*- 
tation of the jirocess of protein synthesis. It sccuiis most reasonable 
to suppo.se that each tissiu' syntlicsizes its own individual piot(‘ins, 
aiul that it is able to utilize for this purpose all of tlu' anuno-a<*ids 
which it absorbs, for the reason that the charact<*nsti<* composition of 
cueh individual tissue-iirotein is alrea<ly cletcrniiiu'd by the <*luiract<'r- 
istic admixture and jiroportion of the various ainino-aci<ls whi<‘h that 
tissue absorbs and holds in ('({Uihbriuin wdth tlx* blood, on tlx* oix' 
hand, and with the tissue-protein itself on the otlx'r. Tix' individual 
eharacteristies of the proteins of tlx* various tissix's art* tlx'n'fon' 
determined, in ultimate analysis, by the relative* Permeability of tlx* 
tissue in cpicstion for various ainino-a<*i<ls, L e., hy the ix'lative* (*ase 
with which the ainino-aeids traverse the bouiidarx'S which eleinarcate 
the tissue. 

It is not unlikely that this rneehanism of tw'o-si<led eepiilibrium is 
limited in its powers and that it is for this reason that it is sah'guarded 
or assisted by a degree of preliminary selection by tlxi Intestinal Epi- 
thelium. It will be recollected that the experiments of boiulon show 
that if a protein differing very widely from animal tissuc-pn)toin be 
administered, certain amiuo-acxds are absorbed s<ile<ttively. Thus 
from OUadin, tyrosine is absorbed much more rapwlly than the gluta- 
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mic acid which it contains in notable excess. The composition and 
general nutritional standard of the tissues is therefore determined by 
the following interrelated factors which are severally in equilibrium: 

(1) The selective absorptive activities of the intestinal epithelium. 

(2) The general average concentration of food-products in the blood, 
L e., the abundance of the dietary. (3) The deaminizing activity of 
the various tissues, and particularly of the liver. (4) The saturation- 
limit” of the tissues for amino-acids. (6) The relative velocities of the 
opposed processes of protein synthesis and degradation in the several 
tissues of the body. Of these factors, two main groups may be recog- 
nized: Absorption and deaminization on the one hand, determining 
the abundance of nutrient material in the circulating medium, and the 
excess or defect of the velocity of synthesis in comparison with that of 
degradation in the tissues, on the other, determining the rapidity with 
which the available nutrients are utilized. The former factors are 
largely subject to environmental influences, for example, that of the 
abundance of the dietary. The latter factors are individually char- 
acteristic of the organism, and, in turn, of the several tissues of which 
the organism is composed. Two main groups of factors, therefore, 
contribute to determine the nutrition, composition and growth of 
organisms, an En'oironmenial Group and an Internal Regulatory Group. 
We shall see when we come to the consideration of the problem of 
Growth (Chapter XX) that the diverse significance of these two 
groups of factors may very clearly be recognized in the processes of 
development. 

We have seen that the intestinal digestion of proteins leads to the 
production of amino-acids and that these are absorbed into the blood- 
stream as such. A considerable degree of preliminary digestion of 
proteins is, however, achieved by the Pepsin in the gastric juice, and 
the question therefore arises as to whether any digestion-products of 
proteins arc absorbed from the stomach? 

This question may be answered in the negative. We have already 
seen that, under normal conditions, neither carbohydrates nor fats 
are absorbed from the stomach and, analogously, protein digestion- 
products are not absorbed from the stomach. It is true tliat carbo- 
hydrates may be absorbed from a ligated stomach, and so, also, may 
proteoses and peptones, but this constitutes a condition which is 
nowise analogous to the conditions which pertain in normal digestion. 
The non-absorption of protein digestion-products from tlie stomach 
is in the first place guaranteed by file fact that the products of protein 
hydrolysis by pepsin are proteoses and peptones, not amino-acids. It 
would not be altogether safe, of course, to argue from the inability of 
pepsin to digest peptones in mtro to a similar inability upon the part 
of the stomach in situ, but the studies of London have shown that the 
production of proteoses and peptones is, in actuality, the main result 
of gastric digestion. This investigator has established in animals a 
fistula opening into the intestine immediately below the pyloric sphinc- 
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ter of the stonuieh. From this fistula it is possihN* <o <*oIl(‘et saiuph‘s 
of the stomach contents the moment after the (*onipl(‘tion of j^astrie 
(lij^estion and their ejection into the* intestine. '^ITie samples noi only 
faile<l to contain any ainino-aeids. hut the proportion of \\w 

nitro|>:en was pres<mt in tli<‘ form of Proteoses, ami only a h\ssi‘r propor- 
tion in the form of the fiiriluM* cleavage-products, tin* Peptones. Th<* 
following? are typical results obtained: 
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the reinaimler of the protedn having r(‘ache<l the* p<‘pt<»ne-s<ag<‘ of 
cleavage*. With varying (juantities of tin* same* proledn a dedinite* 
])roporti(>n of proteoses is always forme<l, as the following i(\snlts 
illustrate* 
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The significance* of gastric <lig(*stion Ii(*s in llu* pr(*paiator\ woik 
wlmdi it accoinplish<*s for the intestinal and |)ancr<'ali( (‘ir/\ m<‘s 
The hy<lrolysis of proteins by Trypsin is nimh iiioit* rapid aial <oniplcl(* 
if the protein lias l)(*(*n snbj(*et<*<I to pn*limniar\ digc*stinn bv jM*psin, 
and tlie hy<lrol\sis of prof<*ins to tin* p<*ptom* and prot<M)M* stage*, 
fnrtlu»rni<)r<*, con\('rts tlu* prot<*in foodstull’s into forms open to atta<*k 
by tb<* Erepsin in tlu* snecus <*iit(*n<*iis Tlu* snpeii<»r \(*locit\ ami 
tlioronglin<*ss of int(*stmal pn)t<*in dig<*stion to tin* <lig(*stion of |>ro- 
t(*in /// vtfm by i)ancreatie trypsin is at tribntabh* m laigi* m<*asni<‘ 
to tlu* fact that tlu* \arious proteolyti<* (*nzyim*s a< t m <*onjun<*tion 
or vSU<*<‘(*ssioii upon tlu* protein foo<lstntrs m tlu* ahim*ntar\ canal, ami 
also to the fact that the yavK///cf.v of digestion are r<*mov<*<l almost as 
rapally as they are fornu'd. 

In mhlitioii to the eoiiversion of proteins into j>ro1(*oses and p(*ptom*s, 
the gastric jniee has the sp(*eial property of <*onv(*rting tla* cas<*in of 
milk into Paracasein.* Paracasein has rec(*ntly b<*<*n shown to lx* 
derived from casein by partial hy<lrolytie <*leavag<*, tlu* para<*as(*in 


* III HiiUhIi li((»t Nubstuiu'OH luv ((«inu»(l, u».spc*c(ivoIv, < 

and Till* woid caHtMii, Uiprolorc, iiiPiuiH Ila^ iinino<li(ie<i prp(<*tn id nalK, in 

AiiUMican lil(*rn<.in<‘, and llio iiiiiapmUnn dorivi«d by Uip iirlion id Hpiuiin, 

lu Hrit.i.sh litcnituio Tlio Aim*rii*an ni>xii(Mu*la<.ura ih to be pr<'fom»d lu'eauhc it pOM.sehMe.s 
|,ho claim of priority, and w Unit Komnally employed in othi'r laiiKwagcdT 
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molecule representing one-half the casein molecule. Paracasein 
resembles casein very closely in its general properties and behavior, 
but its calcium salt is rendered insoluble by a very slight excess of 
calcium ions at a much lower temperature than the corresponding salt 
of casein itself. If a sufficiency of calcium chloride, for example, 
be added to a solution of calcium caseinate, the protein salt will be 
precipitated at ordinary temperatures. If a little less calcium chloride 
be employed, it will remain in solution at ordinary temperatures, but 
will form a curd on elevating the temperature. Even in the absence 
of free calcium ions a solution of calcium caseinate becomes markedly 
opalescent on heating to 45® C. The calcium salt of paracasein is, 
however, for a like concentration of free calcium ions, clotted or curdled 
at a lower temperature than calcium caseinate. The presence of 
free c^alcium ions is therefore necessary to permit the clotting of 
milk by gastric juice or extracts of the gastric mucosa. They are not 
necessary, however, for the conversion of the casein into paracasein, 
which occurs just as readily in a medium free from calcium ions as in 
one whi(*h contains them; but visible evidence of the change which has 
occ*urrcd is lacking until (*alcium salts are added. Thus if excess of 
ammonium oxalate he a<ldcd to milk, the free calcium ions are removed, 
through the formation of calcium oxalate. The calcium combined 
\\ith the casein is unaH'ectcd because it is not ionized. On adding 
Rennet (c^xtract of gastric mucosa) or gastric juice in small amount and 
warming the mixture to body-temperature, no visible change in the 
milk occurs The mixture may be heated to boiling to destroy the 
enz,\'nic without causing any precipibition or clotting of the milk, but on 
adding soluble cakaiim salts, after cooling, (‘lotting of the milk instantly 
occurs. The calc'ium is necessary, therefore, merely to render the 
product of the enzyme action insoluble, nc^t to enable the enzyme to 
act upon th<* casein. The jiart played by calcium in this process is 
tluM-efoie sharply in contrast to the pax't which it plays in the coagu- 
lation of llu' blood. 

It has long been supposi'd that this change in the proptu’ties of casein 
w Inch is brought about by gastric juice is due to a special enzyme, wdiich 
IS tiMMiied Rennin or Ch3rmosin. Evidence has accumulated in recent 
y(‘ars, how'ever, tending to show that rennin is, in fact, identical 
with Pepsin, and that rennet iireparatioiis which are devoid of power 
to <ligest ])roteins other than casein represent merely pepsin, w’^eakened 
so greatly as to have lost ability to hydrolyze the majority of proteins 
at any appreciable s])eed. Thus, although pepsin and rennin are 
found in a great variety of situations both in the animal and in the 
vegetable kingdoms, yet they are invariably found to be associated 
with one another in the same tissue or tissue-fluid. The close relation- 
shi]) of rennin action to pepsin action is also showm by the following 
experiment of Morgenroth’s. If mixtures of calcium caseinate con- 
taining free calcium ions and rennet are kept at low temperatures 
no coagulation occurs, but slow digestion of the casein (proteose 
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prodxiction) docs occur. If, however, tlies<‘ mi\iur(\s Ix' heate<l to 2(r(\ 
they clot iinTnedi.'itely. Thus the process wlii(*h uuch'rlies the c*lottinf? 
has taken ]>laee during; the <lij?estion which oc(*urs at low t<nnperatures, 
but it cannot l)e visibly evideiiecd by clotliiif? until tlui teinperaturc 
is raised. 

THE TIME- AND MASS-RELATIONS OF DIGESTION AND 
ABSORPTION. 

The Intestine is an extraordinarily cfliei<‘nt ori; 5 an of absorption. 
As Tnu(‘h as S(‘venty or <*i|ijhty ])er <*ent of the total leii^^th of the 
jejunum and ileinn may be r<‘inoved and, ]>rovided fats be not too 
abundant in the diet, absorption still remains practically com])l<‘t(* 
If the food (‘ontains a large ])roportion of fat, howe\er, o\i*r tw<mty- 
five i)er cent of the fat may, under tlu^se conditions, be dischargcxl 
unabsorbed in the fe<*i‘S as contrast<‘d with four or li\<‘ jx'r <*<Mit in 
normal animals of similar kiixl an<l dimensions 

The greater jiart of absorption takes place in tlu' njiper pait of 
the small intestine and absorption is practically comph^f<‘ befon^ th<‘ 
contents of th(‘ small int(‘stine are dischargcMl into tlx‘ c(x*uni. 'rix*u* 
are, however, certain exceptions to this rule, mainly fiirnislxMl by dilli- 
cultly <ligestible f(xxlstu(Vs. '^rinis un(‘<x>k<Ml whit(» of t»gg is <lig(*st<*<l 
witli great <lifliculty and as much as s<‘\enty ptn* <*(Mit of this protc*m 
may ])ass un<ligested and unabsorlxxl into the large* int<*stin<*, \\lu*r<* it. 
may be iiresiimed to aiford a favorable* culture* me*dium for i)utn*facli\ e* 
bacteria. Tlu'ii, also, whe*n ])re)te*ins \er\ <Ii\e*rse‘ m compe)sition from 
the neirmal tissue-prot(*ins e)f animals, sue*h as ce*itam \e*gclable* pro- 
teins, are partake*n of the* s<'le*cti\e» abse>rption which (x-ems may r<*snlt 
in a pre)jx)rtie)n of an amiiu>-aciel which is pre*se‘nt in nixlne* e*\ce*ss 
remaining unabsorbe*d until its passage* into tlx* large* int<*stine* 

The Stomach, as miglit he* imagine*el from tlx* nature* of the* part it 
plays m elige*stion, is ix)t e*sse*ntial to the absoi-ption e>r feMMlst nil’s 
K\e*ision e)f the* stomach is foliowe*el by a good ntilizatieui <*\e*n of 
preiteins, the dig(*stion lx*ing ac<*e>mplishe*el by the* trwpsin of tlx* pan- 
eT(*atx* juice* anel tlx* (*re*psin e)f the* suceais e*nte*rx’us Pro\ id(*d the* 
stomae-h be le*ft ni nx)i*e*e)\ e*r, e*nie*ie*nt ehge*stion and absorption of 
l)re)t(*ins may still e'exitimx* whe*n the* pane*r<*atic <lue*t is ligat(*d, se) 
that ])ancre*atic juie-e cainx)t e*nte*r tlx* inte*stin(*. In this (*ase* <lige*stion 
is e*irect(*d by e*r(*psiii afte*r pre*hminar\ <*le*a\age* by the* pe*psin in the* 
gastrie* juice. The absorptie)n e»f Fats, he>we*ve*r, is very s<*rie)usly int.<*r- 
IVreel with by the e\e*ln.sie>n erf panearatic juice* frexn the inte*stine. 

An im]x»rtant relationship subsists betW'<*e*n the amexmt of fexxl 
wdiich is pai*take*n eif at a. m<*al anel the epiantity of <lige*sti\e* juice*s 
se*cre*te*<l, e)n the* e>ne hanel, anel tlu^ time ex*e*upie*el in elige*stion on the* 
oth<*r hand. In the case* eif the Gastric Juice, the epiantity of the 
eligestive fluiel se*cre*teel may be e*stimate*d by forming u elive*rtie*ulum 
or pocket in the stomach \vhie*h is e*onneeteel with the e*xt<n'ii>r by 
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means of a fistula. The juice secreted by this diverticulum is found 
to be a constant proportion of the fluid which is secreted by the whole 
area of the gastric mucosa and the total secretion of gastric juice during 
digestion may therefore be estimated in terms of the volume of the 
secretion furnished by the diverticulum. It has been observed that 
the quantity of gastric juice which is secreted during the digestion 
of a meal is very closely proportionate to the quantity of food of 
any one kind which is ingested. The following are results obtained by 
Klugine, the “ calculated’^ figures being estimated on the assumption 
of strict proportionality between the volume of secretion and the mass 
of the given type of food which was ingested. 


Typo ol iootl 

Quantity 
of food. 

Quantity of gastric juice 

Observed. Calculated. 

grams 

cc 

CO 

Hiiw inoMt 

400 

106 

99 

Kjiw nioiit 

200 

41 

50 

Rnw inoiit 

100 

27 

25 

Hoilod iiioiit. 

200 

42 

42 

lloilocl lllO.lt 

100 

21 

21 

Milk 

GOO 

56 

53 

Milk 

500 

41 

44 

Milk 

200 

17 

18 

tSoiip (){ oath .111(1 nuMt 

GOO 

43 

41 

Soup ol o.its . 111(1 nio.it 

300 

20 

21 

M(mI., I)1(M(1 .111(1 niilk 

SOO 

83 

00 

Mo.il, 1>UM(1 and milk 

400 

41 

45 


It is (‘Vidcnt that the calculated figures agree as closely as could be 
desired with those a<*tually obser\ed. Evidently, then, there is not 
a constant amount of gastric juice secreted for each meal, but the 
amount furnished is ])roj)ortionate, for any one kind of food, to the 
mass ing<‘st(ML As Arrhenius has pointed out, this would appear at 
first sight to 1)(‘ an uiu'conomical arrangement, since a very small 
<iuanlity of a <ligestiv<‘ enzyme is capable, in tune, of digesting a 
\er\ griNit e\(H‘ss of foodstulV, The length of time requiretl for <liges- 
tion, ho\\e\(M-, if the mass of enzyme available for each meal were a 
limited, fixed (juantity, would he so extremely variable that the 
economy' of the tissues could not he adj'iisted to so irregular a method 
of furnishing their needs For instance, if about four and a half hours 
are re(|uisite for the gastric <ligcstioii of 100 grains of raw meat by a 
given amount of jiepsin, then it may readily be calculated from the 
Schiitz-BorrissofE Rule, which pepsin obeys, tliat no less than 70 hours 
w'ould 1)0 re(iuisite for the digestion of 400 grams and eighteen days 
for the <ligestion of a kilogram. As a matter of fact, however, the 
process of gastric digestion is carried out in successive portions of 
the foodstuffs, a fresh supply of gastric juice being furnished for each 
portion of food that comes into contact with the surface of the gastric 
mucosa. In this w’^ay much more rapid and uniform digestion is 
secured than would otherwise be possible. 

The time required to complete ^e Gastric Digestion of meat varies 
with the individual and with the type of meat ingested. Meats which 
18 
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contain a large i)roi)ortioii of fat, such as ]>ork or bacon, arc‘ vi*ty slowly 
evacuated from the stomach in comparison with l<*an m<‘ats, probably 
because the fatty acids, which arc quickly liberatc<l \\luMi th<‘ first por- 
tions of meat enter the intc\stine, help to (h‘lay tbe^ neutralization of the 
acid chyme aiul therefore delay the reopening of the pyloric sphin<*ter, 
Kggs ar<‘ (‘Vcicuated from the stoina<‘h iniich inor<‘ (piickly than nu^at, 
and (W'oke much less secr(‘tion of gastric juic<‘. l{a\v w'hite of egg, in 
fact, giv<\s rise to hardly any gastri<‘ scKundion at all. <’an<‘-sugar and 
gliK’ose depress the secretion of gastric* juice and, for this r<*ason, d<*lay 
th<‘ (‘vacnation of the stonuu’h. Sweet food and (*onf<‘ctiom*ry similarly 
d(*lay tlu* seendion of gastric* juice* in proportion to th(*ir sugar-cont<*nt. 
SwTOts should therefore be eonsumed at the end and not at the* b<*gin- 
ning of a meal. 

Tlio hydrolysis of foodstutVs in thcj alimentary canal ap]><*ars to 
follow the same <juantitative huvs as the hydrolysc*s by th<‘ <‘c»irc»- 
sponding enzymes ?/// wVro. Thus Gastric Digestion follows tin* Scbiitz- 
Borrissoir rule, wdiile the hydrolysis of protc*in in tin* small intc'stmc* 
by Pancreatic Juice follows the inonomolecular logarithmic forinukr 

loK " Kf 

A \ 

W'hich holds good for the* ac'tion of this <»nzymc* m glassware 

It is a rather notc'worthy fact that the* Rate of Absorption of dig(*st lon- 
proclucts from the int(*.stin<* doc*s not a|>p<*ar, in so far as it has l)<*c‘n 
(piantitati\ ely invc*stigated, to follow* the* logarithmn* ruh*. as wc* 
should (*\i)ect if the rate of absorption dc*|)<*nd<*d sol<*l> upon the* 
concentration, /. r,, osmotic prc*ssuH*, of the* substance* und(*rgomg 
absorption On the* c’ontrary, for the* al)sorption of glucose at all 
(*\<*nts, a s((uar(*-rool lulc* sc*(*ms to hold good, / r, the* ((uanfity 
absorl)(*(l in a gi\<*n time* is |>iopo! tional to tin* s(|naH‘-MM)| c»f lh(‘ odii- 
c<*nt lal ion of the* mat(*rial w Inch is bc*nig absorlx'd 1 1 is, liow <*\ <‘r, p(‘r- 
f(*ctly cvidc*nt, c*\<*n apart fiom th(*s(* inc‘asur(*nM*nts, that llu‘ pioc<*ss 
of absorjilion (‘aiinot be* pui<*ty a <|U(*stion of tin* diiVusion of sub- 
stances into and through the* wall of the* int<*stni(* in simple* piojxu- 
tion to th<*ir osmotic i)r<*ssur<‘s, for oth<*rwis<‘ no Selective Absorption 
would be* possible*. VVe* have* se*e*n that e*e*!tain amino-a<‘ids are* 
absoihcel j)re*fe*r(*nlially, e)the*rs b<*iiig absorl)(*<I with r<‘lati\<‘ slow ne*ss 
cve*n wlH*n tlu*y arc j)re*se*nt in e*\(’e*ss. This iinplie*s that l)e*side*s the* 
rorce*s eif eisniotie* pr<*ssurc*, j)he*nome'na e>f sediibility in the absorbing 
tissue'-cle*iiients eir e>f clu*mie*al affinity therewith jilay an impeirtant e>r 
ek*eisivc part in determining tlie re*lative rates of absorption anei the* 
typ(*s of mat(*rial absorbed. 

Frean the Large Intestine, as w’e have se*eii, the* preielue^ts of bae*terial 
eleeomposition of foodstuIVs may be absorb<*el, someiinu*s with physio- 
logie'iilly undevsirable results. A <*oiisiderable Absorption of Water oeeurs 
here also. During eligestion and absorption in the stoiiiaeh anel 
small intestine the contents of the alimentary e*anal retain a w*utery 
consistency which is favorable to rapidity eif hydrolysis, and to 
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tlie thorough admixture of the digestive secretions with the foodstuffs 
and the absorption of the products of digestion. In the large intes- 
tine, however, a large proportion of this water is absorbed, so that 
the water-content of tiie feces is normally considerably less than 
that of the contents of the small intestine. In case the feces are 
expelled with undue rapidity, however, and before the absorption of 
water is complete, as when a cathartic is administered, then the 
feces have a watery consistency and thirst is engendered through 
insutiicient absorption of the water which has been partaken, and 
which has also been furnished to the intestinal contents by the various 
digestive fluids. 

Not only water and products of bacterial action may be absorbed 
from the large intestine, however, but also foodstuffs if they chance to 
find entry therein without previous absorption. Thus, it is not an 
uncommon procedure in medical practice to furnish nutrition to 
very weak individuals, or to persons who are imable to swallow, by 
Rectal Feeding, or the introduction of enemas containing fully hydro- 
lyzed foodstuffs, such as glucose. The substances thus administered 
arc found to be al>sorbed and to be normally utilized for the main- 
tenance of the tissues and the provision of energy. 
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PART II. 


THE PROPEETTES OF PROTOPLASM. 


CHAPTER XII. 

laiOPERTIES ( ONFERRED BY THE DIFFUSIBLE 
CONSTITUENTS. 

THE OSMOTIC PRESSURE OF THE TISSUE FLUIDS. 

Tiik <lifrusil)l(* coiistitueuts of living matter, and of the media which 
l)atlu* it, i)lay a leading part in determining tlie movements anti dis- 
tribution of tile most abundant constituent of livdng cells, namely. 
Water. Wattn* is a wry essential constituent of protoplasm for a 
variety of reasons In the first place it is a solvent for the majority 
of the piotoplasinic (‘onstitucnts, anti thus permits their mt)bility and 
promotes, by reduction of internal friction and cohesion, the free 
and ra])i<l intci])la,y of chemical reactions yvhich characterizes the 
unstable eciuilihiia of life. Then, again, yvater is the most efficient 
ionizing solvent, aial thus permits electrical forces to come into play, 
and that notable increase in chemical rea(*tivit.\ which accompanies 
the ionization of <hssol\e(I suhstanees. The low internal fric*tion of 
watcM* p(M*inits the changes of form an<l rapid displacements of sub- 
stance which leiuler the mobility of h\dng matter possible The high 
snrfa(*e-tensioii of vyater is essential in the eonsery'utioii of the honn- 
(hiries of the cell, and their restoratitin after displacements due to 
motion, and tins, in turn, coiiserx'es the minute internal structures 
of the cell. '^Fhc high specific heat of water enables it to absorl) a 
great deal of heat yvitliout iiicreasing very greatly in temperature an<l, 
conversely, to jiart with stored-up heat without falling very much in 
temperature Sharp inequalities of temperature which might other- 
wise arise in liy'ing tissues are tlius smoothed out by the “buffer- 
action” of the prevailing solvent. 

It is of interest to consider the percentages of water which are 
contained in tlie various tissues of the animal body. The following 
are illustrative analyses cited after Hammarsten: 
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Tihhuo 

I*’aM.7 UhMH* 

Bono (uxU<nni(ios and skull) 
Bono (vorU»hia» and hI»h) 
'roinlon 

Bxiun, whito Huhskanro 
Musciilai tiSHiio 
Tliyioid frlaiid 
'‘I'liyniUH 

Brain, fj;ray Hithsl/inoc^ 


lN‘i<'cntiu'o <»f wAtoi, 
(* Id 
I I 

U\ 11 
rtii ds 
VtH 70 
7r» 7S 
77 82 
SI 

82 So 


It will inun<8liat(‘ly he iud<8l that tlu* ponnsila^o of wiitor is hi^lu^st 
in those' tissues whh'h are' undergoinf^ the most rapid UH'taholie <‘hnng<*s 
and whieh are <‘alle<l upon to fuiudioii, in a ehemieal ratlu'r than a 
structural inaniuT, most rapully and frecpu'ntly. "Plu' peu-eentage' of 
water is lower in aelnlt than in enihryonh' tissue', nnel <le'ere‘as<*s with 
advancing age of the tissue's and eliminntie)n e)f the' spe'e'd e>f ine'tah- 
olisin. Living tissue's which are e\<*<'ptieinally poor in wate'r or \\hie*li 
witbstanel elesiecatiein, su<*h as sc't'els eir bae'terial spore's, re'pre'se'iit life' 
late'ut, Init arrestee!, enily te) he re'suine'el in full vigeir upon the' re'aelini.s- 
sie)n of water. 

The fe>r<'c which iinpe'ls the ineixe'iiu'iit e)f wate'r into en* e)ut eif (he* 
elements eif living matte'r is the' elilfe'M'iice he'twe'e'n the' Osmotic Pressure 
of the Iluiels within the' e-i'll, ein the eine' hand, and the' e*\te'rnal me'eliinn 
whie'h bathes the e*e'Il on the' eithe'r. 'The manne'r in whi<‘h this force' 
may impel the' migratiein eif wate'r will he eviele'ut if we' cemsieh'r the' 
mechanism by which it e)riginates. We may suppose' that the' iimh'- 
cuU'S e)f a suhstaiu'c in sedutiem are in a state e>f e‘e)ntinue)us motion, as, 
inelce'el, their (lin*usihility sheiws that tlu'V must he' Le't us <*e>nsiele'r the* 
cenielitiein e)f alVairs in a ve'sse'l fille'el with wate'r ( Kig 9) and di\iele'd nite) 
two ])artshy a partitieni, .1 H, em the right-hanel siele' eif \\hie*li we* intio- 
diu'*' sue'h an aineaint eif seane elifVusihle* .suhslance*, such as gliie'ose*, that 
tlu're' arc ten me)le'e‘uIe'S eif glue'eise m the* mixture' fe>r e*\e*r\ nine't> inole*- 
cule's e)f wate'r. Kviele'iitly, on the le'ft-hanel siele* eif it e'\ e'ry meile'cuh' 
whieh ceilliele's wath this ])artitie)n w'lll he' a wate'r-ine»le'e nle‘. hut exn the* 
right-hand siele every te'iith me>k'e'ule will be' a sugar-ine>l<'e'ule' 

If, now, the partition -1 li is <*onstnicte'el e)f sue*h inate'rial that it is 
peireius te) wate'r hut iinpe'nne'ahle feir meire* bulky mole'e*ule's, such as 
those e>r sugar, it is evident that e)ut eif 100 mole'cnh's be)niharding the' 
partitiein freim the* left all will pass threnigh intei the* right-hanel clniinhe'r, 
while' e)ut e)f 100 mole'eule's heanhareling the partitie)n from the' right 
e)nly 90 will he able te) pe'iudrate inte) the le'ft-hanel e*hamhe'r. In any 
give'll inte'rval of time', the're'fe)re', an e'xe'i'ss e)f wate'r moh'e-ule'S will have' 
e'litere'el into the right-hanel <*hmnhe'r, anel this e*\<'e*ss will he' dire'ctly 
pre)pe)rtionjite' to tlie e'enu'enitration e)f sugar dissolve*el the're'in. 

SiK'h a parlitie)ii as that whie'h we hiive eU'serihe'd e'oustitute*s what 
is known as a Sexnipermeable Membrane, and nu'mhraiu's having the 
charaeteristie of i>e5rnutting the passagci of water hut not dissolve'd 
substances a.re very mimeu'ous. The one me)st froepu^ntly e*mple)y<‘el 
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for osmotic-pressure measurements is the membranous precipitate of 
Copper Ferrocyaxiide^ which is formed when a solution of copper sulphate 
comes into contact with a solution of potassium ferrocyanide. 

If the continuous entry of water into the right-hand chamber were 
permitted and the level of fluid did not rise so as to create a pressure, 
water would pass indefinitely from left to right until the sugar in 
the right-hand compartment was infinitely diluted. In this way no 
measurement of the attraction of the solution for water would be 
possible, since, in theory, if no frictional forces or pressures interfered 
witli the free motion of water, every solution, concentrated or dilute, 
would attract an infinite volume of water. We may, however, measure 
the degree of attraction for water which is exerted by the dissolved 
substance by determining the pressure or temperature necessary to 
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increase the force or freciuency of the impacts on the right-hand side 
of the ])artition, until the greater .speed of transit from right to left 
(*ompensates for the greater volume of transit from left to right. If 
pressure be applied to the contents of the right-hand compartment, 
the force of the impacts of the molecules upon the partition is increased, 
so that although only ninety water molecules collide with tlie right- 
liand side of the partition for every hundred which collide with the 
left-hand side, yet those colliding on the right do so more forcibly, 
and thus a greater proportion succeed in penetrating the membrane, 
until, when tlie pressure applied to the solution attains a certain 
magnitude, the greater proportion of collisions leading to penetration 
of file membrane exactly balances the excess of the total number of 
collisions on the side which is bathed by pure water. 
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'TIio prt'ssurr wlilcli is r<‘<|nir<sl to <‘\a<*tly <‘oni|H‘HNa<<‘ tlio ^roatrr 
l*ro(jiioiK\v of* collisions on fli<‘ sicl<‘ of tlu‘ iiK^iiihraiU' wliicli is hatluul 
hy i)urc“ \vot(‘r is torincd the Osmotic Pressure <»!* th<» solntion. Its 
inoasur<‘iiM‘nf may 1><‘ r<‘n<h‘r«Ml autoiiiati<* liy en<*losinj; the s<»lutioii in 
a v<\ssel, to the orifice of which a Manometer is atfa<‘h<‘(l, so that tiu* 
entry of a. v<*ry minut(* amount of walta- into the* \(‘ss<*h insiillicient 
to a,i)i)rt‘ciahl,\ dilute the solution, caus<‘s a v<a*\ consi<i<‘rahh‘ ris<‘ in 
the iiu'rcnry <M)hiinn of tlu* nianoim'ltT ami a proportionately lar^c* 
incrc^ase of pressuns With practically r!<‘;»li«;il)l(‘ <hhition <»f tin* 
solution, th(*rel*or<s the ne<'essar\ pn\ssur<‘ is attainted ami <*annot lx* 
e\c(*ede(l, iMX'aiise the osmotic prt'ssun* having on<*<* lx*(‘n attain<*<l, the 
riit(‘S of <‘ntry aiul exit of wat<T into ami out of tlx* \<‘sscl i)<*<‘onx* 
ec|na.l ami no further <‘hanK<**"^ i)n*ssur<* or <*oinposition can occur. 

Such a v<*ssel, provi<l(‘<l with a s<*inip<*nm*a.hh‘ iix'inhraix* ami a 
manoinet(*r, is ternuMl an Osmometer. Simu* tlx* prcssun*s \vhi<’h are 
generated a.re usually very great, tlx* walls of the \(*ssc*l must he imnle 
of strong material, ami the nx‘ml>raix‘. e.sp<‘(‘ially, must lx* <*oiistruet«‘d 
so as not to break under tlx* strain. Tlx*se des!d<*rata an* aHaim*<l hy 
(*inploying a vessc*! eoin]X)S(*<l of <*arthen\\ar<‘, m tlx* inimite pore-, of 
whi<*h membranes are forim*d by’ tilling tlx* \<»sh<*l with a solution of 
]X)tassiuin ferrocy'anide and imnx*rsing it m a st»hition <»f <*op|x*r 
sulphati*. Tlx* two r(*ag<*nts iliffusi* outward and mwaid, c»r may lx* 
indiu*ed to <lo so hy <*le<*t roly sis, until tlx*y meet at some point within 
the pores across whi(*h iix*ml)ran<*s of niimiti* <liainet(*i are fonm*d 
Sueh inemhraix's witlistaiid r(*Iati\<»ly enorinoiis plc,^llICs while a 
la.rge <*()iitinuous iix'inhram* would rupture mxh*i tlx* itiain of much 
sniall<*r ])r(*ssurcs 

Another way' of (*(jualr/ing tlx* rat<*s of transposition ol water .k-ioss 
the in(*mhram* w'ould lx* to raise tlx* Tempeiaturc <»l tlx* .obit ion 
al)()V<* that of tlx* wat<*r upon tlx* otlx*r sid<* of tlx* im*iuhiaix* ln(‘n‘as(* 
in tcnnK*ratur(* rc'sults in jiropcirtioiiati* im*r(*as(* of tlx* mohihl\ of 
the inoU*<*ul(*s, so that tlx* <‘olhsions with tlx* iix*ml>ian(* would In* 
proportionately more numerous pt'i unit of tune on tlx* lx*atc«l than 
on the unh(*ated side. This pio<*(*<Iun‘ is nut pia< t icahh* with tlx* 
memhraiK'S which \\v hav<* hitlx*rto lx*en <*ousidermg, lx*<ans<* tlx*y 
W'ould eondu(‘t !x*at from tlx* one <*hamh<*r to tlx* otlx*r and tlx* t<*m- 
peralures of tlx* two <*ompartnx*nts on <‘itlx*r salt* of the nx*ml>raix* 
W'oiild soon he <*(iuali'/e<l. VV<* may \ery (*asily (‘inploy this nx*tho<l, 
how<*ver, if in the pla<‘e of a thin .solxl ux*ml)ran<* wi* employ a lay<*r of 
air. '^riien, provi<h‘d the <lissolv(*d suhstan<*<* is not \<»Ialde. /. , 

s()liil)Ie in air, we have in elfeet a semiperm(‘ahle im*mlira!x* wlueh is a 
poor eoixluctor of heat uixl which ma,v lx* ohtaiix'd of any thi<*kix‘ss 
w'hich w'<* may desire If two ehainh(*rs or \<*ss<*ls, the om* eontaining 
w'uter, theother<‘ontaiuingasolution, behotli i)la<*<*d in a eoniiiX‘<l spae<* 
or liirge vessel fill<*d w'ith air, water will, if tlx* two Ixpnds an* at tlx* 
same temperature, slowly distil over from the <*oinpartux*nt <*ontaiuing 
pure water into the eonij>artiuent eoiituinlng the solution, which thus 
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becomes progressi\"ely more dilute. If unchecked by any balancing or 
opposing influence, this distillation will continue until the solution be- 
comes infinitely dilute, i, e., practically equivalent to distilled water. 
In this case, therefore, as in the case of thin solid membranes, we can 
only measure the attraction of the solution for water by measuring 
the change in the condition of the solution requisite for its neutraliza- 
tion. This we may accomplish by heating the solution and thus 
increasing the mobility of the molecules which it contains, and so 
increasing the number of collisions per second of water-molecules 
witli the supernatant layer of air. The temperature to which we 
must raise the solution in order to equalize the rates of distillation to 
and from tlie water and the solution is proportionate to the increase 
in the collisions per second which is requisite to produce this equaliza- 
tion, and this in turn must obviously be proportionate to the con- 
centration of the dissolved substance. Thus if the dissolved sub- 
stance constitutes one-tenth of the total molecules in the solution, 
we must raise the temperature of tlie solution sufficiently to increase 
the total collisions per second by one-tenth, in order to render the 
rate of distillation equal to that of pure water at the lower tempera- 
ture. If this rate of distillation is sufficient to cause ebullition, i. c., 
to render the pressure of water-vapor equal to that of the atmosphere, 
it is evident that the temperature required to attain it will be higher 
in tlie case of the solution tlian in tlie case of pure water. Hence, 
the Boiling-pomt of water is raised by dissolved substances, and that 
in ])ro})ortion to their molecular concentration. 

There is yet another way in wdiich we may equalize the rates of 
penetration of water from opposite sides of the membrane, ainl that 
IS by coohng the water, and thus reducing the mobility of its molecules 
relatively to those of the solution Now when a solution freezes, it 
is not the dissol\e<l substance that freezes but the sohent, in this 
case water. Tlie dissolved substance, in fact, with certain intelligible 
exceptions, crystallizes out and becomes mechanically separated from 
the solvent when the latter freezes. In such a case the ineinbrane 
is furnished liy the surface separating the crystals of ice from the 
remainder of the solution If, now, reverting to the diagram in 
Fig. 0, the water in the left-hand compartment be sufficiently cooled, 
relatively to the solution, w^ater will pass over from the w'arm solution 
into the cool chamber of pure w'^atcr, because of the greater mobility 
of the molecules in tlie w^arm solution. ^ Hence, in order to accom- 
plish the withdrawal of water from tlie dissolved substance which 
occurs at the freezing-point the water must be cooled to a temperature 

^ Ultimiitely, however, the greater mobility of the molecules in the solution will 
fail to compensate foi the piogressively deci easing proportion of watei molecules present 
in the solution, and the water compartment would have to be further cooled in oider 
to continue withdiawal of water from the solution This is the phenomenon of “under- 
cooling” which fieezmg salt solutions display The coricet freezing-point is that at 
which the first crystal of ice separates and which is maiked by a sudden slight nse of 
temperature, due to the disengagement of the latent heat of fusion of the ice. 



below tlic‘ of p*ire uat<T- Ili‘n<‘i‘, tlu‘ Freezing-point 

of water is IowcmxmI b> <lissol\<‘<l s!ibstaiH*(‘S, a!i<l lliat in proporiioii 
to tlieir inohM'iilar <*o!i<*<‘ntra<ion. 

The osmolie pn^ssun* of a solution of a (hlVusible subslaiiee nia,\ 
therefore l)e iiu^asured eitluM* <lire<*tly, (‘inploying a s(^inipenu(^abh« 
membrane, or iiulin^etly by measurinjc tin* <‘levation of (he boilinji;- 
])oint or the Io\v<Ting of the fn^eziug-poiiit. ( 'onversc*ly tlu* inol<‘<*ular 
eoiKH^ntration of a. <iissolve<l siil)stanee may be <‘stimat<*d in the saint' 
ways. The osinoth* pn'ssurt' <'\<'rte<l by a inoh'cular solution, that is, 
by (UK* grain-moh'eule of substanee dissolvetl in a lit<*r of watt'r is 
22.*! atinosphert's. The t'levation of the boiling-point iii (lu* sam<‘ 
solution is O.f)-!"', whih* the th'prt'ssion of th<‘ fns‘/ing-point is I S(V\ 
If, howt'Vt'r, tlu' tlissolvtsl substance' uiuh'rgot's Electrolytic Dissociation, 
then eaeh of the ions which it yh'lels e'Xi'rts osunitic pri'SMin* an<l 
affects the boiling- and fr<‘ezing-pomts in thc' same' way as a moh'cnh', 
so that for a suhstaiu'e complctrlif dissoeiatesl into two ions, such as 
sodium chloride in elilutc' solution, tlu' osmota* pr<'ssur<‘ per gram- 
molecule of dissolveel suhstaiK'e is elouhh' the' al)o\ e'-me'utionesl figure', 
anel the inole'ciilar elewation of the' l)oiling-point and low ('ring of the' 
free'zing-point aiv similarly e'lihance'el If (hlfe'n*nt soI\<‘ii(', are 
omple)y<'d the osmotic pre'ssure'sohtaine'd are' the' same' as those' ohtaiiu'el 
wdien water is use'el as a sohent, pre>vi<le'd the* mole'cular condition e^f 
the elissolve'd suhstance* is the* same* in !)e)th soUenls, but if it be* 
iemizeel in erne and iie>t in the* either, or forms double* inole‘<sih*s in om* 
anel neit in the otlu'r seiheiit, the pre'ssure's ohse*r\e»d will, of com sc*, 
dilfor from one* anothe*r in a corre'.spemeling inaniu'r and elegns* 'riie* 
magnitude e>f the* eflVe't iipeiii the* boiling- and fr(*(*zmg-poinP., althoiigii 
ahvays iirojxirlionate* in any eaie* solve'iit to (he* nmh'e-ulai* /^/z/v ionic 
coneentrsitie)!! of the disse)I\e*el substance*, diilers w it h dillcM'nl sohesit.. 

’'File osiiiotie* i)re*ssures of tissue'-fluiels anel eif lluiel.s <*\pie*sM'd fie>ni 
cells are usually <*stiniate'd by the* Cryoscopic Method en* me*asure*iiH*n( 
of the* lowering of the fre*e*ziiig-point of the* seihesit, in this ease* wate^r 
This me'asureiiu'nt is inueh le*ss tesheius anel Ie*ss snbje*ct lei inte'i fe'ie'nct* 
by colloielal admixture's, <*te*., than the elire*ct ine*a.sun*ine*nl of pr<*s.sun* 
in an osnionu'te'r. The* e*l(*\ation of the* boiling-point is in.nidU not 
applicable Ix'caiise of the* e'Xte*nsive e’hang<*s ineluce*<l in (he*:;e* solutieins 
hy elevate'd te*nipe'rature*s, for example*, the* e’oagulation e>f preiteiiis 
aiiel the transformation of biearhemate's into carlionate's with the* 
e'volution of e'arhon elioxide. The forme*r of tlie'.se* change's <*an be* 
()l)viate'd, eif course*, by nu'asuring the* e'levatiem e)f the* boiling-peiint 
uneler reduceel iire'ssures, wlu*n edmllition e>e*curs at a e'eirre'spenielingly 
leiw'cr te*in])erature, but the* elifliculty crt‘att*el hy the* e*\oIution e»f 
(‘arhon elieixide still re'iiiains. 

The follenving are illustrative m(*asurt*nie*nts, eibtaiiu'd hy llamburge'r 
anel othe'rs, of the low^ering e)f the fre*<*zing-poiiit in hleieiel-se'ra of various 
sixx'ic's e)f MammaMa: 
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Spocies 

Man 

Ox 

Horse 

Pig 

Habbit 

Dog 

Cat 

Sheep 

Echidna aculeata 


Liowering of 
freezmg-point. 

0 526 ® 

0 686 ® 

0 664 ® 

0 615 ® 

0 692 ® 

0 671 ® 

0 638 ® 

0 619 ® 

0 600 ® 


From this table two remarkable facts are apparent: In the first 
place that the osmotic pressure of the blood of species of mammalia so 
diverse as man, herbivora, carnivora and the monotremes is extra- 
ordinarily constant, and in the second place that it has the magnitude 
of no less than some eight atmospheres, corresponding to the pressure 
exerted by a one-third molecular solution of a non-ionized substance 
such as sugar or urea, or a one-sixth molecular solution of sodium 
chloride. 

The osmotic pressure of the blood-serum, as evaluated from the 
lowering of tlie freezing-point, rises slightly, but unmistakably, after 
the absorption of the products of digestion derived from the meal. 
The Lymph has usually a higher osmotic pressure than tlie blood, a 
fa(*t which is attributed to tlie extraction of products of metabolic 
activity from the tissues somewhat more rapidly than they can be 
discharged from the lymph into tlie blood. Milk and Bile have the 
same osmotic* pressure as blood. Saliva a lower pressure. Urine is 
in general much more (*onccntrated in diffusible constituents than the 
blood or tissue-fluids, and therefore displays a much greater lowering 
of the freezing-point, usually between 1.3° and 2.3°. 

^rhe blood-sera of Birds ])ossess an osmotic pressure very similar to 
that of inaminaliaii blood-sera. It is a curious fact, however, that 
tlu‘ Eggs of birds have a distinctly lower osmotic* jiressure tlian that 
of the blood-serum of the birds that lay tlu*m, or of the blood-serum 
of the c'lnbryos that develoj) within them. This is strikingly shown 
by the following estimations of Atkins. 

no^eriiig ot 

Si)0<iCi;). fnjezmig-i>oiiit 

Kowl-hlood 0 607 ® 

l«’owl-ogg 0 454 ® 

Duck-hlood 0 574 ® 

I)u(*k-ogK 0 452 ® 

ClooBO-hlofid 0 552 ® 

Cl<><)so-c‘K« . t20® 


During Incubation of the egg the osmotic pressure of its contents 
increases until it approximates to tliat of tlie blood. Since in so many 
anatomical particulars the Ontogeny of the individual represents an 
abbreviated outline of the Pkylogeny of the species, Atkins has sug- 
gested that the low osmotic pressure of the egg-contents may indicate 
descent of the birds from ancestors in which the blood-serxim was more 
dilute than it is in the birds of the present epoch. Since the birds 
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arc probably (U\sc<‘H(l<*cl from forms of or from forms 

inUTinccliati* bi‘t\v<‘C‘n \ho lirptUia and 1 Ih‘ Amphihid^ it is of iiit(Mvst 
to iioto that inan\' of 11 h‘ Antphthta mid soim^ of tli<* lirp(ili<t w hi<'h 
inbabii fn^sli \\at(‘r r\liilnt a low osmoti<‘ i)rt‘ssur<* of tlu‘ blood-sorum. 
Tli(‘ following an" illustrativo Hj^iiros <*it("d aft<‘r IIolH^r and Jona. 


Hana t ^vult nta 
HaUiinamlt a tnaruittfa 
Koptilia 

Fwt/s t'taopma 
Kmndma mw^quai nv 
h t /»/A rat rtf a 


1 Ulf' t>t 

ptMtit 


O 

O IVM** 

O IV r 
0 .v»n '’ 
0 


It will bo obs(TVO<l tluit the frosh-\sat<"r turtb" /^/////.v ntroptmt bas 
blood of which tlu* osmotic prossnn* approa<*h(‘s tlu* amphibian t>pc. 
the marine tiirth*, Thala.^ftorlirlpft rarrfta has tlu" a\iaii aiul mammalian 
typo of osmoti<* pn‘ssuro of the blood, \\hih" tlu" tortoise Kntt/dunt 
inart/uana' r<"pn‘Sonts an intorino<liat<* prossnn^ '^Plu* osmotic pr<\ssur(" 
of amphibian blootl-soriim closely approa(‘h<‘s m ma;;niin<l(" tlu‘ pres- 
sures obtaining in the eggs of birds 

Among the various orders of Fishes, m the" Tvlntstaun or bon> lislu's, 
whi<‘h are phylogenetically the" most n‘C("nt aial highl\ d<‘\<"lop<Ml 
forms, the osmotic pn\ssure of tlu* blood-si^rum appio\imat(‘s ima h 
more nearly to that of th<" blooel of Mam/ntilta, Jrr.v and /{rpf/lttt 
than to th<" osmotic pr<‘ssur<‘ of the ocean \\hi<‘h tin* inarnu" forms 
inhabit. In the ph>log<*n<"ticall.\ older and l("ss specializes! forms, tin* 
Fjlasmobraurhh^ or sharks, ho\\e\(*r, tin* osmotic |)re*ssnn* of tin* blooel 
a])pro\iniates that of s(»a-\Nat(*i\ as the following ligun*s, cittsl altea 
Bottazzi, n'vesd. 

I nut I III,' ot 

1 * hull i I ( I /III,' iiiiiiti 


lOIaHinohiniirhii 

Tui fu tio mm tuotuta 
Mustdus rulfjans 
Tufijmi tuoltuiti 
Mniiiio iHt'p.stoini 
< ^hm a I t»u tita^^n 
( V’/ na //jf/rt s 
(^tvntlabt ptm} 
fiat sat pa 

Ki <\sh-\vii(or n*h*oHl iinu 
An(jm/ia I'utf/arts 
fiwhas Jfuriatiittt 
Jji ifCif*ra.s <jU}tntla 
/** ira flufliattiiH ] 
<Ii/pnntm rai pto I 
Tuica pu/(/aun | 


V JO ‘ 

» Jit ■ 

:» .JO • 
.' 11 ' 

I 01 *' 

1 Oi 

0 4.1 ‘ 

o sc 

o ."is" o oir* 

O 1 /.,'* O .ViS" 
0 1 .,' 

0 51 ' 


In lower marine fonns the tis«u<‘-Huulrt a]>])roxiinat(‘ still more 
elosely in composition and eoneent ration to tlu‘ st*a-water whieli thes«> 
organisms inliabit. The following are results ohtaiiusl l>y Hotttis«/.i: 
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Oi Kumuni. 

CcleiitoraUi* 

Alvyommn palmcUutn . 

Kuhinodci mata 

Afttcropccten autantiacm 
Ho1othm%a tubiiloiia 
VoimoH 

ii%punculti8 nudtii* 

C^iUHtaoca 

Maja squiruido 
Uomw UH ouigat its . 

C'Ophalopocla 

Oclojitiii niactopuit 

With the enhanced specialization, therefore, which characterizes 
the higlier and esi)ecially the vertebrate forms of life, independence 
of the external milieu has been acquired and the cells are bathed 
in a inediuin of relatively constant concentration and, as we shall 
see, of even more constant composition. 

THE OSMOTIC PRESSURE OF CELL-CONTENTS. 

'^rhe osmotic i)ressure of cell-<‘oiitents can, of course, be determined 
in(liie<*tly by expressing the cell-sap and determining its freezing- 
point. In many (*ases, however, the measurement may be made in 
a very much more convenient manner by employing the method of 
Flasmolysis devise<l in 1(S84 by the Dutch l)otanist, de Vries. 

In many i>lants the protojdasm of the cells lies closely adherent to 
the cellulos<‘ cell-wall, and it is found, if these cells be immersed in 
concentrated solutions of salts, sugars, urea or other diffusible sub- 
stances, that the protoidasm slirinks away from the supporting wall 
of cellulose, in<licating that the protojdasni has <iiminished in \olume. 
This loss of volume can only be <luc to the abstraction of water from 
the ])rotoplasm, and since the agencies which accomplish this abstrac- 
tion of water are solutions of relatively liigh osmotic ])ressures, we 
infer that the external limiting membranes of the c'clls, within the 
cellulose cell-wall, but boumling the exterior of the protojdasmie con- 
tents, is Semipermeable, admitting water but not admitting a variety 
of dilfusible dissolved substaiices. 

If this interpretation be the correct one, then any solution having 
a higher osmotic pressure than the cell-fluids will cause plasmolysis, 
while the solutions which are of just tlie same osmotic pressure as 
the cellular fluid will fail to cause plasmolysis. The solutions which 
just fail to cause plasmolysis, or which are Isotonic with the cell- 
fluids, should therefore all be of the same molecular or molecular 
plus ionic concentration, independent of the nature of the dissolved 
substance, provided, only, that it is not able to penetrate the cell- 
membranc in measurable proportion within the period of time con- 
sumed by the shrinkage of the protoplasm. 


Lowqi ins of 
fieezins-pomt of 
tissue-fluids. 


2 196° 

2 312° 
2 315° 

2 31° 

2 36° 

2 29° 

2 24° 
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Tlio followiiiK uiv rrsuKs \vliu*li \v<‘r« ohtiiiiiod hy Ovt'rton, uinploy. 
ing the colls of ^pinujum fihiiiK'tits: 

iMotoiiK* rtmronirut mu 


I>IHhol V<>il 

iil.u 

Ktuiiul. 



wm^liC 

piM i»«*Ul 

lM‘r ffut 

( 'snu'-Mittai 

a 12 

0 0 


M.innili)! 

IS2 

:i r» 

2 10 

( lIllC().S<* 

ISO 

a 2 

2 ir> 


ir>o 

2 7 

•J ii2 

vMii 1 I. 0 I 

122 

*j 2 

2 11 

AHpnia^eiiu* 

122 

2 :> 

2 22 

< ilvcocoll 

7r, 

1 2 

1 22 


The “(‘jilciiIaUMl” valii(\s wctc (^oinputcMl as follows: "I'Ik^ isotonic* 
(*(>n(*(Mitrati<>n of <*ano-su|^ar la'ing <> por <*ont and its inolc*cnlar wc*i#j:ht 
0-12, the <*()nccnt ration of an isotonic solution is (‘Vidc*ntly 
nH)lc(*uliir. A -*7 molecular solution of ^;lyco(*oll would contain ./ / 
grams of giycocoll per liter, or l.:>2 grams p<T hiindr<‘d <*c. I( will 
he si*cii that the (^Mpcriincntal and the <*al<*ulatc‘d valu(*s arc* (*\<*c»<*d- 
ingly (*losc to one another and w'c may infen* that, at ail <*\ c*nts so far as 
limited ])eriods of time are concerned, the protojdasm of Spinuiyra is 
impenneahle to the suhstan(*es nH*ntion<*d, although frc*(*l\ p(*nn(*ahh* 
to water 

Tins method of <‘stimating the isotonicity of solutions, howc*\(*r, is 
suhjc'ct to several source's of error and unci*i tainty. In the* first pla«*e* 
w’o must take into consideration the* fact that the* protoplasmic* limit- 
ing meinhiane must ne*ce*ssarily alter in form he»fore* we* can pe*rcc*i\e‘ 
any solution to he* Hypertonic, or in <*\e*e*ss of the* isotonic* e*oncc‘nt ra- 
tion. Now* the* external liniiting nie*mhraiie*s of ce*lls must unclonhtc*cll\ 
possixss some* d(*gre*e of Elasticity, in cc>nsi*c(ucnce* of winch thc\ imist 
tlienis(*lve*s e*\e*rt some pre'ssure upon the* e*e*ll-e*ontc‘nts 'riie* fonc-s 
le*acling to shrinkage* of the* protoplasm are* not sol(*h osmotic tlic*rc‘- 
forc, hut to some* slight e*\te*nt e»Iasfi<* also, and we* cannot jiositn c*l;^ 
e*stiniate the ])roporlion of the* total force* winch tins e*Iasticit.\ c*oin- 
inunicate's, since* it will not improhahly add a constant amount to 
e*acli osmotic prc*ssure* in\ estigate*<k Isotonic* solutions an* tlic*icfoie‘ 
isosmotic w’ltli one* anothe*r, hut not ne*e*e*ssanl,\ isosmotic with the 
ce*ll-contents. In re*d hlood-corpuscle*s this is prohahh the* origin of 
the constant slight diire*re*nce* he*tw*e*en the* osmotic* conc*c*nt ration of the* 
e*oiile*nts of the corpuscle's and the* surrounding me*dmm or plasma, 
amounting, ae'cordiiig to Moore and Hoaf, to a diire*re*ncc* of fre'C'zing- 
point depression of ().()2'’ to 0.02*^ (\, or an e)smotie*-pre*ssur<* dilV(*re*ne<* 
of from 0.21 to O.Hti of an atmospheu’e. 

In the; second place the Semipermeability of living ee*ll-nie*ml>ran<*s 
is, of n(*ce*ssity, iu*ver ahsedute;. This he*eonie*s obvious w*h<*n we; 
conside*!* that the nutrition, and thesre'fore* the maint(*nanc<* auel 
growth of cells, de*pends uiioii tliedr intake of suhstan<*<*s di.ssolv<»d 
in water. Unless a cell <*au he penctrateHl by the mineTul or organic 
substances which cemstitiite the components out of which protoplasm 
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is built up, the progressive consumption of material and dissipation 
of energy by the cell must rapidly lead to its disintegration. Further- 
more, Ae solutions which Overton, in the results cited above, found 
to be isotonic with the cell-contents of Spirogyra filaments, exerted 
an osmotic pressure of some four and a half atmospheres, and the 
corresponding pressure in the cell-contents themselves can only 
have been due to diffusible water-soluble substances which must 
therefore have penetrated the protoplasm at some period of its devel- 
opment. The semipermeability of cell-membranes is, in fact, even 
in the most typical instances, apparent and not real. It is purely a 
question of Relative Permeability, of the rapidity with which dissolved 
substances and water relatively penetrate the cell. In the case of 
Baczlhis cholercPj for example, the relativity of the semipermeability 
of cells can very clearly be seen, for these organisms, as well as certain 
otlier bacteria, are temporarily plasmolyzed by hypertonic salt solu- 
tions or sugar-solutions, but not at all by Glycerol solutions. Even 
the plasmolysis observed in salt- or sugar-solutions disappears in the 
course of an hour or two, because, after the lapse of this time, a suffi- 
cient proportion of tlie salt or sugar has penetrated the cells to restore 
isotonicity between the inner and outer fluids. Evidently, therefore, 
in the ease of these cells, water and glycerol penetrate the exterior 
limiting membrane almost instantaneously, salt and sugar more 
slowly. The disparity of the velocities of penetration for water and 
dissolved substances is greater in Spirogyra filaments than in the 
above-mentioned species of bacteria, and this constitutes the origin 
of the apparent semipermeability of the protoplasm in Spirogyra. 

It has been suggested by R. S. Lillie that the permeability of the 
surface of a cell may vary with its metabolism, increasing with physio- 
logical ac*tivities wliic*li involve the consumption of cellular constituents 
or reserve materials It is for this reason, he believes, that Muscle Cells, 
for example, are generally found to be impermeable, when in the resting 
state, to the very substances which are necessary for their activity. 
Siinilarl;>% the process of Fertilization, which inaugurates the develoj)- 
ment of the ovum, also renders the surface of the cell more permeable 
to water and dissolved substances. Even in the resting cell, however, 
it is more than likely that semipernieability is relative rather than 
absolute. 

It is rather remarkable, and certainly a regrettable fact, that 
physical chemists have hitherto paid so little attention to the investi- 
gation of tlic Time-relations of Osmosis. The comparative neglect of 
this and other fields of inquiry, which would naturally suggest them- 
selves to the student of pure physics or mechanics, is undoubtedly 
attributable to the bias toward purely tliermodynamical reasoning 
which has been communicated to the students of physical chemistry 
by the past generation of chemists. The thermodynamical relationr 
ships and equations contemplate only attained equilibria, not fluctu- 
ating or kinetic phenomena. Hence, the relationship between the 
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lapsci <>r tiiiK* nixl tlit‘ of p(‘iM*lnilion 4 >f a nii<‘inhrano by \an<ms 

solvents or <lissolve<l substaiH*c»s* \\hi<*h would to prostud u most 

obvious sid)j<‘('t for iiitjuiry, is as ytd vt*ry iniptu*ftM’tl,N known. One 
would <‘\])(*ot, liov\(*v<‘r, that th<' (fuautity of ptuudration woiihl !)t‘ an 
expoiuudiul fuiudioii of tiu* time, anti that this funetitai woultl (*ontaiu 
speeifie paranudtu-s (»r eonstaids, eharaettTistie for tlu* m(uuhrau(\ 
llie particular soheid tunploytul aiul th<‘ tlissolNtsl substance rc‘- 
spectively. (‘valuation of th<‘S<‘ paramettu'S in th<‘ cast* of living 

(*(‘ll-ineiubranes would alVord an accuralt* (piaiditativt* nu^asun* of 
Permeability, for tin* (‘stiination of which wt* must n^Iy at prt^stud upon 
(pia.litativ<‘ rather than ui)on (piaiditativt* data 

In tin* plasrnolytic nudhod of <*stimatin#^^ isotonic solutions wc r(‘^ard 
as isotonic thos<* solutions \\hi<‘h art* just insullici<*ntl\ Hypertonic 
to cause withdrawal of watt‘r from the <‘(*ll-coidt‘ids. "Flit* t*ITt*(‘ts of 
Hypotonic sohditais, or solutions which art* nior<*ddut(* than tin* ct*ll- 
(*ontcnt,sire inort' readily studit*tl in ct*lls which pt»s.s(‘ss no rif«:i<l support- 
in^jj fra.ni<‘\vork, such as tin* (*\t(*rior c(*lhdost* wall of plant-c(‘lls 'Hit* 
Red Blood-corpuscles W(*r(* first einploNt*tl by llanibur^<*r for this 
purpose. If these c(*lls art* susp(*ndt‘d in suf!it*i<*uf l.\ h.Njxdonic solu- 
tions tin* eKc<‘ssi\<* p(*n(*tration t>r watt*!* into flu* c(*Ils r(*snlts in th(*n 
rupture by th<* in(*r(*ase or*int(‘rnal prt'ssun* and ht*nio;j!;lobin is s<*t 
fret*, tin^ 5 (*in^ tin* sup(*rnatant Ihnd n*d 'Fin* t(*chnic, tln‘r(‘fort*, 
consists in susp(*nthn^ tin* corpuscles in solutions of \ar\in^ conccn- 
tratioJi and allowinjif th<*m to stdllt* to tin* bottom of th<* tulx* \ 
solution which is just su(Iicicntl\ lisfadonn* to biiist sonn* of tin* 
cor])US(*l(*s will be tinj»(*(l with h(*nioglobin and tin* corpusch*s aic th(*n 
said to ha\e underi^ont* Hemolysis. 

Tin* d(*j’;r(*e of hypotonicit N it*(|uir(*d to ruptuit* n*d blotMl-cor|>us('Ics 
is ai)pan*ntly tin* sann* for a \ari(*l\ of <hssol\cd substance^, so that 
tin* solutions art* found tt) bt* isotonic w it h one anot h(*r , a:, t In* follow nu* 
data show': 
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Solutions w Inch caust* h(*niolysis, although isotonic w ith out* anoth(*r, 
art*, of courst*, by no nn*ans isotonic witli tin* fluid coutt'uts of tin* 
corpuscles, for the burstiu^j; of tin* ct*IIs mdit*att*s not a slight but u \t»r> 
considerabit* <*\ct*ss of pre.ssure within them. Solutions insufliciciitly 
liypotonic to cause a(*fual rupture of tin* cells will, n(*verth<*l(*ss, (*ause 
tht*m to swell through absorption of water, while sli^htlA* hypertonic 
solutions will, on the contrary, cause shrinkagt* of the <*t*lls throu#j;h the 
with<lraw*al of water, just as in the plasmolysis of plant-<*t*lls. I'lds is 
the fouiulation of tiie Hematocrit luothod of measuring isotonicity, 
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devised by Hedin and Koeppe. Blood-corpuscles freed from serum 
by washing them with isotonic salt solution are suspended in measured 
amounts of various solutions to be investigated, and the mixtures are 
placed in specially -constructed centrifuge-tubes of very narrow bore 
and provided with fine graduations. The tubes are then centrifuged 
and the heights of the columns of corpuscles compared in the various 
tubes. If the corpuscles have swollen they will occupy a larger volume 
in the tube; if they have lost water, they will occupy a smaller volume 
than the corpuscles which are inomersed in strictly isotonic salt solu- 
tions. From the lowering of the freezing-point we know that blood- 
serum is isotonic with ^ NaCl or ^ sugar solutions, and it is experi- 
mentally found that in the majority of instances salt solutions which 
slightly exx*eed this concentration cause shrinkage of the corpuscles, 
while solutions which are less concentrated than blood-serum cause 
swelling of the corpuscles. 

Assuming the corpuscles in normal serum to be withstanding no 
pressure or, at the most, a very slight one, it is of some interest to 
calculate from the degree of hypotonicity the pressure which is required 
to rupture the corpuscles so as to discharge hemoglobin into the solu- 
tion The solutions which are just sufficiently concentrated to prevent 
rupture, are, as we have seen, isotonic wiA a one-tenth molecular 
sodium chloride solution or, which comes in terms of osmotic pressure 
to the same thing, a one-fifth molecular solution of sugar. When 
neither swollen nor shrunken these cells are isotonic with a one third 
molecular solution of sugar. The degree of hypotonicity required to 
ru[)ture the cells, therefore, corresponds to tlie pressure exerted by a 
5 — 5 = molecular solution of sugar, i, c., to a pressure of about 
t h I’ce a t in ospl u* res . 

From th<‘ data whi<*h we ha\e cited the surface of a red blood-c<n'- 
])uscle would ajipear to alford an example of a strictly semipermeable 
memhraiu* Here again, however, semipermeability is rclati\e and 
not absolute' Not only wfiter can enter the cells with ease, but also 
other substances, with \arying diffieulty. An ingenious method of 
illustrating tliis fa(*t is that \vhich has been devised by Iledin 

A nu'asiired amount of the substance for w^hich the permeability of 
the cor])iiscles is to he tested is dissolved in defibrinated blood, i. c , 
in a mixture of serum and corpuscles. The serum of tins blood will 
he fouii<l to freeze at a lower temperature than untreated serum, 
})ec*ause a certain proportion of an additional diffusible substance is 
contained in it. The depression of the freezing-point of this serum 
may be designate*! “a.’* Now, to an equal volume of serum which 
does not contain any corpuscles an equal amount of the same substance 
is added This serum will also freeze at a lower temperature than 
normal serum, and the depression of the freezing-point which it 
exhibits may be designated ^^b.” It is evident that if the substance 
which was added to the defibrinated blood penetrated the corpuscles 
and dissolved in them to the same extent as in an equal volume of 
19 
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serum, the concentrations of the substance in the two sanii>Ies of 
serum would be equal to one another, and we would have a = b. If 
the blood-corpusdes in the defibrinated blood took up less of the dis- 
solved substance than an equal volume of serum, then the substjinec 
would be present in greater concentration in the first sainph' of serum 
than in the second, and we would have a > b or jj > 1 . If, on the ot her 
hand, the blood-corpusdes took up more of the dissolvcKl substam-e 
. than an equal volume of serum then we would have a < b or J‘ < 1 . 

The results of this method show that the salts of the alkalies and 
alkaline earths and the amino-acids and sugars penetrate the corpuscles 
with great difficulty. Ammonium Salts and Urea, howevt'r, pass into tins 
corpuscles readily. Among the alcohols there is an interesting relation- 
ship between the number of hyroxyl-groups which tlu'y contain and 
the readiness with which they peneti-ate the corpuscles. 'Plu* li(‘\a- 
tomic and pentatomic alcohols hardly penetrate the c-orpus<*Ies at all. 
Erythiitol, which is a tetra-atomic alcohol, and Glycerol, which is tria- 
tomic, penetrate slowly. Kthylene Glycol, which is a diatomic alcohol, 
penetrates the cells rather rapidly, while the Monatomic Alcohols divide 
themsdves immediately in equal proportion between tlu‘ <'orj)usclcs 
and the serum. Ether, esters, aldehyde and a<-etoiu“, on the otlu>r 
hand, are preferentially absorbed by the eorimsck's, so that they 
become more concentrated in the corpuscles than in the serum which 
bathes them. Of coxmse, only those substances which fail to enter the 
cells quickly can cause shrinkage of the corpuscles in h>'i)ertonic 
solutions. 

Itisnecessary to bear in mind, in this connection, the fact that within 
the cell there exists another surface of demarcation whi<‘h, like that 
which separates the protoplasm of the cell fmm the surrounding meilium, 
probably opposes a selective resistance to the penetration of ihssoh e<l 
substances. The Nuclear Membrane would ap]>ear (o b<* highl.N 
impemeable to inorganic salts, for Macallum has shown that the 
nuclei of cells yield no microchemical tests for chloridi's, phospha(<‘s, 
carbonates or potassium. Whetlier this means that these^ elc<*trolytes 
are really absent from the nucleus, or mertdy that the n-agents 
einployed in the tests cannot traver.se the nuclear membrane,' it is 
evident that the penetrability of this surfac'O by ilissolved substances 
differs decisively from the penetrability of the exterior surfaces of < <‘lls. 
It has been suggest^ by Collip that tlic nu(>leus may actually be 
free from dissolved inorganic electrolytes, osmotic cquililirinin Ix'ing 
maintain^ by other dissolved substances, such as, for exunqile, 
amino-acids. In support of this view he adduces the fac*t that the 
amino-nitrogen content of the nucleated red blood-eori)us<‘les of hinls 
IS much in excess of tlie amino-nitrogen content of the non-iiueleatcd 
erythrocytes of the mammals. 


I.,n ves may bo oonaidered improbable, booaiwo tho coll ih 
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THE COMPOSITION OP THE MINERAL CONSTITtlENTS OF 

TISSUE FLUIDS. 

^ It was first pointed out by Ringer in 1882 that the relative proper^ 
tions of the mineral constituents in the blood-sera of different mam- 
mals are most remarkably constant and, furthermore, that notwith- 
standing the fact that potassium and calcium salts are present in blood- 
serum only in minute proportion relatively to the sodium salts, yet 
their presence in the established proportion is actually essential to the 
proper performance of their functions by the tissues, a very slight 
alteration in the mineral composition of the fluid bathing them being 
very deleterious. 

On the basis of numerous analyses of the ash of blood-sera, the 
following composition was established by Locke as the most suitable 
circulating fluid for mammalian tissues: NaCl, 0.9 per cent; KCl, 
0.042 per cent; CaCl 2 , 0.024 per cent. To this mixture a small propor- 
tion (0.01 to 0.03 per cent) of sodium bicarbonate is generally added to 
neutralize the acids which are produced by tissue-activities and a little 
glucose (0.1 per cent) has been shown to prolong the life of excised 
tissues which are kept for extended periods in this artificial circulating 
fluid. The glucose is consumed by the tissue and probably serves as 
a nutrient. When the glucose is omitted this mixture is usually desig- 
nated Ringer’s Solution, 

For amphibian tissues a slightly more dilute solution is employed. 
The solution originally recommended by Ringer was a 0.6 per cent 
solution of sodium chloride saturated with calcium phosphate, to which 
0 01) ])cr cent of potassium chloride was added. A suitable fluid may 
also be i)rcpared by simply adding to Locke’s Solution one third of its 
volume of distilled water. Iwoeb has pointed out that the proportions 
of the various salts in Ringer’s and Locke’s solutions correspond 
approximately to the ratuis* 100 molecules of NaCl to 2 molecules 
of K(’l to 2 molecules of C’a(’l 2 , the total concentration being one-sixth 
inole(*ular.^ 

Not only, howe\er, are the mineral constituents of inamiiialian 
serum constant in C'omposition, but even in the blood of fishes we find 
that substantially the same relative proi)ortions obtain. The follow ing 
analyses are cited after Macallum, tiie jjercciitage’-conveutrRtioii of 
sodium being taken as 100 and the percentage of the remaining metals 
reduced to the same units: 


Species 

Na 

K. 

Ca 

Mg 

Dogfibh (AcanthLaa vulgaizs) 

100 

4 6 

2 7 

2 5 

Cod (^Oadiis collar %cut) 

100 

9 5 

3 9 

1 4 

Pollock {Pollachius vtrens) 

100 

4 3 

3 1 

1 5 

Dog 

100 

6 9 

2 5 

0 8 

Mammal (average) 

100 

6 7 

2 6 

0 8 

Man 

100 

6 1 

2 7 

0 9 


1 The actual ratios m looke’s solution are 100 NaCl 3 6 KCI - 1,4 CaCla. In sea- 
water the ratios are 100 NaCl . 2.2 KCl 1,5 CaCU 
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The remarkable uniformity of composition wliicli is tlnis <lisp|ji,\'(‘(l 
by the blood-sera of such diverse organisms, sugg(‘sts tliai it is (letter- 
mined by some common cause, more especially siiie(e a slight alt<eration 
of the normal mineral composition of blood-sera cans(‘s profound 
disturbance of the functions of the tissues. The interest ing sugg<\st ion 
has been put forward by Macallum that the mineral composition of 
vertebrate blood-sera represents the composition of th<' s(*a-\vat(‘r at t h(‘ 
time when the early ancestors of the ])resent vert(d)rat(‘ forms tirst 
acquired an organ, namely, the kidney, of which tlu* function is to 
maintain constancy of composition in the body-fluids. In the low<*r 
marine forms of the present day, which do not j)ossi\ss any c<»rr(‘sponding 
excretory organ, tlie composition and concentration of th<‘ body-fluids 
is practically identical witli that of the sea-water in which tlu\v liv(\ 
but in mammals the tissue-fluids are not only more' dilute than pr<‘s(»nt- 
day sea-water, but they differ from it in <*ontaining a much sinalh'r 
proportion of one mineral constituent, namely, Magnesium. ''Hu* fol- 
lowing figures are cited after Maeallmn, the 7>crfr;//a/;c-con(*(»ntration 
of sodium, as before, being taken as 100 and the p(‘rc(mtag<\s of tlu* 
remaining metals reduced to the same standard. 


Fluid. 

N.i 

K 

<*.1 

Mr 

Oc'oan-wator 

100 

d 0 


IJ 1 

Tishuo-fliiid c»f 11 jelly hhh (Auivfia 
flandula) 

100 

T) 15 

1 1 

1 f 1 

Blood-seiuiii of u do^ 

100 

0 0 

2 r* 

0 s 


The correspondence of the three sets of figures, (^\c<'j>liiig in n^gard to 
magnesium, is certainly striking and tlu* oc(‘anic origin of <h<\s<‘ 
widely-found ratios appears very probable'. 

Among the crustaceans the more primitive' forms, such as Lnintius, 
possess a blood-serum which is practically of the' same* compositioii as 
sea-water. In more highly dcvclopi'd forms, such as //n/nttnf.s, an 
approach toward the vertebrate composition of the* se*runi is alre*ad\' 
indicated, as the following figures reveal 
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According to Macallum tlie development t)f a kielne'y, in the* i)ro<o- 
vertebrate forms from which vertebrates have arisen, fixe'd the* com- 
position of the tissue-fluids of the verfrbraia for all time', since* the* 
primitive kidney was adapted to the concentration and proportions of 
the mineral constituents of the ocean of that jx'riod. In the* e'arly 
Cambrian or pre-Cambnan period at which the ancestral forms of tlu' 
vertebrates arose, the sea-water must have been very mu(*h more* dilutt' 
than it is at present day, because sodium chloride is constantly ac(*umu- 



COMPOSITION OF MINERAL CONSTITUENTS 


293 


lating, since it is not deposited in important amounts in the marine 
geological formations, ('‘alcium and potassium are deposited from sea- 
water in the form of limestone and minerals such as glauconite at about 
the same rate as tliat at which they are carried into the sea by rivers. 
Magnesium, however, is increasing in the sea-water not only absolutely 
but also relatively to the sodium, the rate of deposition being much 
slower than the rate of addition. It is quite probable, therefore, tliat 
the sea-water of the early Cambrian epoch was not only much more 
dilute than the sea-water of our day, but also contained, both absolutely 
and relatively, much less magnesium. 

The blood-serum of mammals, therefore, resembles a diluted sea- 
water with the exception that its magnesium content is botli absolutely 
and relatively much lower than the magnesium content of the sea-water 
of our own day. Just as the homoiothermal animals have acquired a 
large measure of independence of the temperature of their environment 
so, and at an earlier stage of evolution, tibe vertebrates have acquired 
a large measure of independence of their osmotic environment — they 
are “homoiosmotic,’’ while the more elementary forms are ^'poikilos- 
motic,” and the cells of which they are composed are exposed to all the 
disadvantages of an irregularly fluctuating milieu. At a still earlier 
stage of evolution the multicellular organisms acquired, as we shall see, 
more or less efficient means of maintaining constancy of the reaction 
or h>'(lrogen-ioii concentration of their tissue-fluids. Each of these 
succi‘ssi\(' stages marked an additioiial degree of emancipation from 
the foi tint DUS ineciualities of an unstable environment and a step 
toward tlu* sc‘lF-crt‘ati()ii oi* an equable ‘‘internal en\ ironment, ’’suit- 
able for till' inaMimiin furtherance of \ital a(*tivities. 

''riu* nu‘<'haiiism }>> w hi<*h this environmental stability is brought 
about IS similar in i‘ach of the three (‘ases and consists in a balance 
between income and output, so adjusted that the dissipating agencies 
(excretory actnity of the kidneys, radiation of heat from the surface 
of the body and release of cailion <lioxide from the lungs, respec*tively) 
discharge their functions under the stimulus of a definite positne or 
negative jin'ssure, acting like so many <lams, to maintain the reservoir 
of mineral constituents, heat, or bases at a certain height while the 
inflow and outflow are ecpialized so that tlie height of the reservoir 
does not progressnely increase or decrease We have in fact in each 
case a numl>er of balanced activities in dynamic equilibrium, a type of 
meclianisin which is repeatedly reduplicated in life-phenomena. 

Notwithstanding the fact that the mineral composition of mam- 
malian blood-sera difiers appreciably from that of sea-water only in 
total concentration and in the relative content of a single constituent, 
Magnesium, yet this latter difference renders sea-water, even when 
diluted to isotonicity with blood-serum, far from a physiologically 
neutral fluid for mammalian tissues. It has been shown by Burnett 
that sterilized sea-water, rendered isotonic with blood-serum by 
dilution, causes Glycosuria, considerable amounts of glucose appearing 
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in the urine when the sea-water is inj<u*t<*(l into the* <*ir<*ulation of 
rabbits. The same eirccl is brought about by Lock<'’s <>r Itingc'p’s 
solutions, if magnesium is adtlecl to them in tlie i>roi)ortion in which 
it is present in sea-water. Hence diluted and steriliz(Ml s<‘a-water 
cannot be employed for surgical purposes as a substitute for ljO(»k<^’s 
or Ringer's solution. 


THE NEUTRALITY OP THE TISSUES AND TISSUE-FLUIDS 

The statements concerning the alkalinity of the blood which ar<‘ to Ix^ 
found in the physiological and medical literature of the last un<l t^airly 
part of this century are totally unreliable, since th(\y were ba.s(xl upon 
the erroneous belief that it is possible to ascertain the reaction of su<*h 
a fluid as the blood by titration. The method of titration nuu'c^Iy 
informs us of the quantity of bases wliich are present eitlier uncombiiuxl 
or else combined with acids, sudi as carbonic acid, which ar<‘ dis- 
placed from their compounds by the stronger acids uscmI in titration. 
If all of the bases are present in the free, uncombiiK'd form, tlum, in 
dilute solutions at all events, the true alkalinity or Iiydro\yI-ion con- 
centration may be fairly accurately estimated to be cciuivah^nt to tlu' 
amount of acid required for neutralissation. But this is not at all th(‘ 
case if the bases are partially or wholly combined witlj wc^ak a<‘ids, 
because in that event the addition of the acid einploycxl in titration 
displaces the weak acid which, when uncombined, by reason of its 
slight dissociability, ceases to affect materially the r<‘action of tin* 
fluid, and the condition which wc arc seeking to nn^asun^ a,It(‘rs <*on- 
tinuously throughout the titration. Thus it is possibh^ to (‘stiinatc all 
of the sodium in a solution of sodium bicarbonate by dirc-ct i it rat ion 
with sulphuric acid, using Methyl Orange as an indic*ator, Ix'causi* th<‘ 
carbon dioxide, which is displaced by tlie suli)huri(‘ acid, is so slightly 
dissociated in comparison with the acid used for titration that its 
contribution to the final reaction of the mixture is lu^glibh^ ^'(‘t a 
solution of sodium bicarbonate is far from possessing tlu' alkalinity 
of a solution of free sodium hydroxide of the same coixx'iit ration, 
although so far as the results of titration reveal there is no distimdion 
between them. 

The blood and other tissue-fluids contain a large proixirtion of tin* 
sodium salts of weak acids, namely, carbonic aeid, ]>hosphoric acid and 
proteins. When blood-serum is titrated with hydroc*hloric or sulphuric 
acid, using methyl orange as an indicator, by tlie lime the red <‘olor 
appears these compounds have been successively decomi>ose<l, and, in 
fact, some proportion of the acid employed in the titration has ac*tually 
entered into combination with the proteins which are now a(*ting as 
bases instead of acting, as they do in normal blood, as weak acids. 
The Titratable Alkalinity of the blood, therefore, bears no rclationsliip 
to its actual alkalinity, or Hydroxyl-ion Concentration. It does, how- 
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ever, bear some relationship, as we shall see, to the power of the blood 
to maintain its neutrality — in other words, to the ''Alkali-reserve” of 
blood. 



In order to ascertain the actual reaction of a complex mixture of 
weak and strong acids and bases, such as the blood or other tissu^ 
fluids, therefore, a method of measurement must be employed which is 
static and not dynamic, i. e,, which leaves the state of the blood unal- 
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tercel in respect to the biiUuice of su‘i<ls aiul hsisos wliicli i( contiiins. 
For this purpose no incthod is l>ctt<‘r jwliip<c<l for old, ‘lining .•u-<-iirat<‘ 
rcsxilts tlian the olcftroiiKdric or Potentiometnc Method. principle 

of this method has alrctuly btrn explained upon paKi* l.M. For Ihe 
degree of accuracy usually rtKiuiiXMl in bioeheinieal or physiological 
researches the apparatus omploycel by Iloaglaial ( 1 ) ami dlns(ra1(‘<l on 
page 295 (Fig. 10) is undoubtedly the siinph^st and jnost <‘onv«‘ni(‘n<. 
For solutions not containing volatile Jicids, the Cotlndl form <d <*I«h‘- 
trode as modified by C. L. A. Schinhlt is tlu‘ best (Fig. If); bul wlam 
the fluid to be investigated contjiins carbon dio\i<l<' \vhi<-li would be 
blown out by a continuous stream of gas, the eleetrod<; niu.si lx* enclosed 
in a gas-tight vessel containing hydrogen ami tlx* flni<l to be inv<>sti- 



gated and the vessel must be shaken to se<*ur<‘ eonliinions eontaef of 
the electrode with hydrogen so as to maintain its saturation (Fig. 12). 
Certain special precautions must be taken, when |x>tentioim>tri<-.-dly 
measuring the reaction of fluids containing proteins, partieiilarlv that of 
bringing the hydrogen electrode to equilibrium with n<*ntrar<listilh‘<l 
water before iminersing it in tlie protein solution, for otlu'rwisi* tin* 
platinum, due to tlie great excess of hy<lrog<‘n ions 
which it tains, will precipitate many proteins in a iilm upon its 
surface. Foaming, which is often troublesome in prot(‘in solutions, 
may be prevented by addition of a few drops of <>(*tyl alcohol, or of a 
^ S'lnyl alcohol and kerosene or of isoamyl isovaleratc. 

Ihe potentiometric method was first employed for the cstiinat.ion 
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of tlie reaction of blood I)y Iloeimr. Tbe alkalinity t)f tbc blood whicli 
was indicated by his earliest measurements was cx<'<\ssive, owin^i^ to tlie 
fact tliat the stream of hydrogen employed to sa.turate the eje<*trode 
blew out the carbon dioxide wJiich in circulating blood stands in 
equilibrium with the bic*arbonates, and contributes inatcn'ially to the 
maintenance of neutrality. Later and more a(*curate inc'asiirements 
by Hoeber and many others are unanimous in establishing tluj fa(*t that 
the normal reaction of the blood is so faintly alkaline as to approximate 
very closely to neutrality. Thus at absolute neutrality, as in neutral 
distilled water, the liydrogcn and hydroxyl ions are equal in (*oncentra- 
tion, namely, 0.<S x 10”’ normal. The actual hydroxyl con<‘entration 
in tlie blood is only about double this, namely, !.<> x 10 ’ or less tluni 
one five-milliontli normal at the COa-pressures prevailing in the 
circulating blood (0.028 to 0.0*54 atmosphere). 



Fig 12. — Shaking ” hytlrogoii oleetio do (Aftoi C’laik ) 


Another metliod which has been extensively ein])loyed in the inv(\sti- 
gation of the reactions of blood-serum and other tissuc^-fliiids is the 
Indicator-method of Friedenthal, whi<*h lias been esjxx'ially applied to 
these investigations by Sorensen. This method consists in adding 
to the fluid under investigation a number of diHeiviit iiulieutors, known 
to display eolor-ehanges at diflering liydrogen or hydroxyl eoneen- 
trations The same indieators are also added to a series of mixtures 
of monosodium and disodium phosphate, of whieh the former is aeid 
in reaction and tlie latter alkaline. Tlie hydrogen ion concentration of 
all possible mixtures of these salts has been determined, and that 
mixture which yields most nearly tlie same tints with indicators as the 
unknown fluid evidently corresponds to it in hydrogen-ion concentra- 
tion. This method is not applicable to a highly colored fluid such as 
whole blood, since the tints of indicators are not accurately appreciable 
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in such a fluid. Fiirtlierinorc it is to l)e iiotccl that tlu' iiulicators most 
suitable for this purpose arc precisely those which aw least <h\sira.hh‘ 
for the ordinary purposes of direct titration, luHause th<‘ l)<*st indicator 
for titration is that Avhich displays a sharp chaise from on<' tint to 
another at a certain reaction, whereas the best indicator for tlu" indin»(*t 
method of titration just described is cvi<lently one which olfin-s a lar^t^ 
number of appreciable changes of shade or tint within a liinitoil rangt* 
of hydrogen-ion concentrations. The most suitahle indicator for tlu‘ 
purposes of indirect titration, within the range of reactions <*onnn<>nIy 
met with in tissue-fluids, is Phenol Sulphonephthalein. h"ina,lly, it should 
be carefully noted that the choice of indicators is limited to tliose whi<'li 
do not react chemically with the proteins or otlu^r substaiUH's nsiia.Il,\' 
present in tissue-fluids. A variety of dy(\s which ar<‘ commonly 
employed as indicators in direct titration are iinsuitahh' for our pnrjxist* 
because they interact witli proteins, an<l th(‘ compounds which art^ 
formed do not change color at tlie hydrogen-ion (‘onc(Mitration at w hn'h 
the free dye changes color, or even may display totally dillVn^nt colors 
from those which tlie free dye exhibits. 

By these various methods it has been ascertained that not only is 
the blood of all vertebrates very nearly neutral in rea<*lion, hut almost 
all of the tissue-fluids are also approximately neutral. '’J'hus i\w Pan- 
creatic Juice, the most alkaline of body-fluids, (*ontams 5 \ 10 '* 11 
corresponding to an alkalinity of 13 x 011“ or a httU^ o\<m* oiu*- 
millionth normal. Hitherto, according to Friedcmthal, no animal 
fluid has been found which contains less than 10 "'IP, that is, mon’^ 
than about Tinr^nnr normal Oil”. 

Now the neutrality of the blood is maintained with <‘\t raordinarx 
exactitude despite the fact tliat a large ])r<)portion of tlu^ products of 
metabolism are acid in reaction and are washed out of tlu‘ tissm^s, in 
which they are formed, into the blood- The products of miis<*iilar 
activity include carbon dioxide, lactic acid and acid jihospliatcs, and 
the muscular exertion which is involved, for examples in clmibmg a 
steep hill, involves the expciuliture of a very coiiside^rahU^ mmilxM* of 
foot-pounds of energy, and tlie oxidation of a correxspondingly larger 
quantity of carbohydrate material, ot which the carbon is coiiven-texi 
ultimately into carbon dioxide, which is carried to the lungs through 
the mediation of the blood. Yet while this large ])rodiiction of acid 
products may cause some slight distress of breathing in the unacems- 
tomed individual, it barely perceptibly modifies the n^aclion of th<‘ 
blood. The intravenous injection of large quantities of aei<l producers 
an altogether disproportionately small effect upon the alkalinity of tiu' 
blood. In Diabetes the faulty oxidation of fats i)rodueos a quantity of 
non-volatile acids which cannot be discharged, as carbon <lioxide is 
discharged, through the respiratory epithelium of the lungs, and yist 
in many cases of advanced diabetes the reaction of tlic blood is only 
very slightly affected, so that even in diabetic coma the acidity of the 
blood is only raised to 1 x 10”^ normal H+, a reaction which would be 
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communicated to a hundred liters of neutral distilled water by the 
addition of a single drop of normal acid solution. 

The mechanism whereby this extraordinary stability of reaction is 
attained is a dynamic equilibrium which involves a variety of coordi- 
nated factors. Thus the kidneys assist in removing excess of acids by 
excreting a predominance of acid salts and of non-volatile acids. The 
lungs are, however, the most important organs of acid-elimination, 
since they contribute to the reduction of the hydrogen-ion concentra- 
tion of the blood by permitting the escape of carbon dioxide. On the 
other hand the tissues themselves can contribute to the neutralization 
of injurious excess of hydrogen ions by arresting the formation of urea 
from protein nitrogen at the intermediate stage of ammonia, the 
ammonium salts of the excessive acids being excreted as such in the 
urine. Hence, in Acidosis, such as that encountered in diabetes and 
in many toxemias, an unusual quantity of Ammonia appears in the 
urine. 

The prime agent in accomplishing the regulation of the reaction of 
the tissues and tissue-fluids is, however, the blood itself. This may very 
readily be perceived by comparing the relative powers of blood and of 
distilled water or sodium chloride solution to neutralize acids. If 
two indicators be chosen which change color at differing hydrogen-ion 
concentrations, and distilled water and blood-serum respectively be 
neutralized first to one and then to the other indicator, the difference 
between the two titers will be extremely small in the case of distilled 
water and of very considerable magnitude in the case of the blood- 
serum. It can be shown, in fact, that provided the carbon dioxide 
tension l>e maintained at the levels which prevail in circulating blood, 
one hundred volumes of blood of normal reaction can neutralize no less 
than 125 volumes of 1 “,^ hydrochloric acid before attaining the hydro- 
gen-ion concentration of advanced acidosis, namely 1.00 x 10“^ at 38®. 
This would be equivalent, in a man whose circulation contains five 
liters of blood, to the neutralization of over six liters of r^<r ^>1* six hun- 
dred cubic centimeters of “-J, acid. In the body, it must be remembered, 
this remarkable neutralizing-power of tlie blood is assisted by the added 
ventilation of carbon dioxide from the lungs, which occurs in conse- 
quence of the Dyspnea, or rapid breathing, which results from a slight 
decrease of the alkalinity of the blood, and by the excretion of acid 
salts by the kidneys and by the production of ammonia from the tissues. 

The origin of the neutralizing-power of the blood is threefold, in tlie 
first place tlie Bicarbonates of the blood are capable of neutralizing 
large quantities of acid without any great change in the hydrogen-ion 
concentration by undergoing the reactions: 

NaHCOs + HA = NaA 4- H 2 COS 
H2CO8 = HaO + CO2 

Thus if the acid HA is strongly dissociated, the effect of these trans- 
formations is to replace it by the exceedingly weakly dissociated car- 



300 PROPERTIES CONFERRED BY DIFFUMIHLE (’ONSTlTtlEXTS 


bonic acid or by tbc neutral gas carbon <lio\i<Ic. In a similar manner 
the Phosphates of tlie blood conlributotomainlain nentralily I).\ uiuUt- 
going tlie reaction : 

NasIIPOi + HA =■ NallsPOi + N:iA 

whereby the strongly dissoeiatwl acid IIA is replaced by tlu* faintly 
acid salt, monosofliuin jdiospbatc. Kinally, tin* Protein Salts in tla‘ 
blood also assist in the preservation of nentndity by entering into 
reactions of the type: 


Na Pioium + JflA =* 11 PioUmii | Nu V 

the strong acid being in tliis instance repla.(*<^d !>y practically lanitral 
uncombined protein. 

Of these tiiree agencies the bicarl)onates are ({uantitativ(‘ly niucli 
the most important This arises from their abiindaa<*(‘ in plasma and 
also from the fact that the dissociatioiwoiistant of carbonic aci<!, or 
proportion of hydrogen ions to undissociated aedd in tin* r(*a<*iion of 
dissociation; 

H-iCOa ll‘ + llC’().i 

is very nearly equal to the hydrogen-ion concentration in distilh^d \\at(*r 
at absolute neutrality (0.8 x normal). Now, L. »I. Ib^ndcrson has 
shown that the rate of change in the alkalinity or acidity of a solution 
of an acid, when alkalies or acids are added to it, is a ininnnuin when 
the dissociation-constant of tlieacid isof this magnituch* 1 \v illnstral<\s 
this principle by tlie following table, showing the amount of l(*nth- 
normal alkali required to secure a definite hut arbitrarily chos(‘n < hangc 
in alkalinity when added to equal amounts of the undernuMi(ion(*<l acal.s 


Aoid 

1 )lHH<>( ljl I oust Mil I 

XIO"' 

( 'iiliK mil irMid <1 1 III 

mIKmIi m d 

Phenol 

0 ooi:i 

0 01 

Bone acid 

0 017 

0 OS 

Hydrogen sulphide 

0 r>7 

I 10 

Monosodiuni phosphate 

2 0 

1 00 

Carbonic acid . 

S 0 

0 72 

Picohnic acid . 

IS 0 

0 lO 

Acetic acid 

ISO 0 

0 (U 

The ability of sodium bicarbonate. 

■ 1 . *...1 . m . . 

, ill cquilihriuin 

with carbonic 


acid, to maintain the neutrality of its solutions is strikingly illustrat<‘d 
by Henderson in the following way; '‘Suppotjc, for exainiiU*, a soln- 
tion of 100 litps containing one kilogram of sodium l)icarhonat(* in 
equilibrium witli an atmosphere containing one gram of <*arhoii 
dioxide per liter. Let hydrochloric acid be added in succ<*ssive small 
portions to the solution. Further, let the solution be consta-utly stim^d 
and shaken, and let the experiment be conducted slowly, so tlia.t th<*r (5 
shall always be equilibrium between the carbonic acid in the solution 
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and in the atmosphere. Further, let the temperature be such that the 
absorption-coefficient of carbon dioxide shall be 1.000. Then the 
successive states of the solution will be approximately as recorded in 
the following table.^’ 


HCl added, 
grams. 

Ratio of H2CO3 
to NaHCOi 

normal 

OH^ normal 

Relative 

acidity 

Relafive 

alkalinity 


2.27 to 11 90 

0 000000057 

0 000000176 

0 57 

1.76 

10 

2 27 to 11 50 

0 000000059 

0 000000170 

0 59 

1 70 

50 . 

2 27 to 10 00 

0 000000068 

0 000000147 

0 68 

1 47 

100 

2 27 to 8 20 

0 000000083 

0 000000120 

0 83 

1.20 


2 27 to 6 30 

0 000000108 

0 000000093 

1 08 

0 93 

1 1 

2 27 to 4 40 

0 000000154 

0 000000065 

1 54 

0 65 


2 27 to 2 60 

0 00000026 

0 000000039 

2 60 

0 39 

L 1 

2 27 to 0 68 

0 0000010 

0 000000010 

10 

0 10 

310 

2 27 to 0 31 

0 0000022 

0 0000000045 

22 

0 045 

318 

oc 

0 00026 

0 00000000039 

260 

0 0039 


, , 

0 00045 

0 00000000022 

450 

0 0022 

330 1 

• 

0 0027 

0 000000000037 

2700 

0 00037 


‘"From tlie beginning of tlie experiment until almost 250 grams 
of hydrochloric acid have been added, neither alkalinity nor acidity 
is double in intensity the values which obtain in a perfectly neutral 
solution.” “Such close approach to neutrality can be attained witli 
pure water only after elaborate and very difficult purification, yet in 
the presence of carbonic acid it is the natural condition.” 

Ill laboratory-glassware a mixture of disodium and monosodium 
Phosphates would perhaps be almost as efficient as sodium bicarbonate 
in preserving neutrality In the body, however, they are not so 
efficient as the bicarbonates because in the first place they are not 
nearly so abundant aii<l in the second place tlie elimination of the acid 
phosphates which are formed in the neutralization of acids has to take 
l)lace by the relatively slow and roundabout channel of the kidneys, 
while tlie ehinination of caibon dioxide takes place rapidly through 
\entilation from the lungs. 

Solutions such as those of sodium bicarbonate, disodium phosphate 
or sodium proteinate, w'hich conseive the neutrality of the water in 
which they are dissolved, are very frequently designated “Buffer- 
solutions” from the resemblance of tlieir action in obliterating rapid 
changes of hydrogen-ion concentration to the action of a buffer on a vehi- 
cle in obliterating dangerously sudden changes of velocity of motion. 
Buffer-solutions are frequently employed now, and must necessarily 
be more and more wddely employed, w'herever stable conditions of 
environment are requisite, as in bacterial cultures, cultures of living 
tissue in vitw, aquarium-media for marine or fresh-water organisms 
and artificial circulating media. 

A convenient method of defining the reaction of these mixtures and 
of physiological fluids, which is now almost universally employed, 
consists in denoting the reaction by the negative exponent of the 
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hydrogen-ion concentration. Tims a solution having a hydrogon-ion 
concentration (*= Cn) of 10“^ '^ is written Pn = 7.4. It will luM>bserve<l 
that the Ph with a negative sign prefixc<l, is the logaritlmi to hast' 10 of 
the actual hydrogen-ion concentration. It iniist also ho homo in mind 
that the larger the numerical value of the Ph, the lowt'r is th<' actmd 
acidity, or hydrogen-ion concentration of the mixture. Trut' lU'utndity 
would correspond to aPnof 7.1 ((hi — 0.8 x 10 ’). Ph values in 
of this represent alkaline reactions, whih' Pn values h'ss tluui this 
represent acid reactions of the fluitls thus <!<'(ine<l. 

An estimation of the very greatc'st importance in all disi'ase-condi- 
tions or metabolic disturbanees whieh involve Acidosis is that of <lu' 
Alkali-reserve or ncutrali/ing-power of the blood. Wlu'n larg<' <|uan- 
titiesof ‘'fixed,” i, f?., non-volatilc, aeids ar<^ thrown into th<* blood th<' 
sodium witli whieh they combine is rendered unavailable' for ni'utralix- 
ing other portions of aeid or for binding <‘arhoii <!ioxi(h'. ''Ilu' alkali- 
reserve in such cases is diminished an<l the ability of th<* hlooil to 
maintain its neutrality is proportionately iinpain'd. A low alkali- 
reserve is therefore, in general, a relatively hazardous (‘oiidition. 

Various methods have been proposed for measuring the* alkali-r<'s<'r\ 
the majority depending upon the fact that as the sodium hicarl>oiiat<' 
of the blood has been diminished and the uncoinhiiu'd ('arhon dioxide' 
stands in almost constant proportion to it, the (*arhon dioxielc' obtain- 
able from the blood by a standard ])r<>ee<lurt' is elimiiuslu'd Tlu' 
method suggested by Van Slyke, and now oinploye'd v<‘r.\ \M(h‘l,\ , 
consists in taking a sample of blood from a X'ein in tlu' fon'arm and 
introducing it into a vessel filled with the alveolar air of tlu' patu'nt, 
obtained by breathing and rebreathing into tlu' vesst'l si'\('ral time's 
The blood is then shaken up with the alveolar air to bring it into ('<|iii- 
librium with the carbon dioxide <'ontained thert'in an<l ii m<'asun*(l 
sample, witliout loss of (*arbon dioxide, is introdnet'el into a spi'i ial 
form of gas-burette (Fig. 13) and aeidified with sulphuric aciel to 
decompose the bicarboiuites. The chamber eoiitaiuing the samj)l<' 
is now evacuated by means of a colunm of nu'reury anil tiu' gas w inch 
is evolved is measured at atmospheric t(*mp('raturc and f>r<'ssnr<‘. 

An alternative method which is, however, somewha-t h'ss simph' to 
manipulate, consists in directly analyzing the carbon dio\id<' <'on(<'nt 
of Alveolar Air obtained by rebrcatliing into a closed vc'ssc'l. Wlu'ii tIu' 
alkali-reserve is low, the carbon-dioxide c'ontc'iit of tlu* blood lu'iiig 
diminished, the carbon-dioxide output through the lungs and tlu' 
partial pressure of carbon dioxide in the alveolar air are eorr<'si>on<liugly 
diminished. 

A more direct method, which has been devised by Van Slykt', Stillman 
and Cullen, consists of adding a known amount of ac'id to blood plasma 
(5 cc of 0.2 N HCl to 2 cc of plasma), removing the ( Xlo by a<Tatioii, aiul 
then adding a measured quantity of Neutral Red and dctermiuiug the 
number of cubic centimeters of 0.02 N sodium hydroxide solution wliieh 
are required to bring the color of the mixture to the sanu* tint us a> 
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Fia X3 — Van Slyke’s apparatus for the deternunation of carbon dioxide m blood. 

(After Van Slyke ) 
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standard phosphate mixture to whieh a like proportion of lUMilral rt^d 
has been added. The pliospluitc mixture is so ehosen that its r(‘a<‘tion 
(Ph = 7.4) corresponds to that of nornuil c*irctilatin|«: i)Iasina. 
difference between the amount of a(‘i<l orijifinally a.dd(‘d to tiie plasma 
and the quantity of sodium hy<lroxi<le reciuirod to brinj? it back to its 
original reaction, represents the quantity of sodium l)i<‘arbonate which 
was originally present in the plasma. 

Another feasible method of measuring th<' alkali-rcs(Tv<‘, or, which 
comes to the same thing, the Neutralizing-power of tissu<'-fluids is that 
which has been employed by Marshall in the analysis of Saliva, 
various samples of saliva having boon brought to a common n^action 
on the alkalmv side of absolute noutrnlity (neutrality to pluaiolpht.ha- 
lein), the quantity of acid is osiifnate<l, by dir(‘<*i titration, wliicdi is 
necessary to bring the reaction of the fluid to an arbitrarily choscui 
reaction on the acid side of neutrality (neutrality to para,nitroplu‘nol). 
The measurement is in fact analogous to that enqdoyed by IIcMKhu’son 
in estimating the power of different uchls to maintain tlu‘ maitraJity 
of their solutions. Of course, to obtain physiologically intc*rpr(‘tabh' 
results with blood-serum it would be necessary to carr.\ out tlu* titra- 
tions under a standard partial pressure of (*arl)on dio\id(*, for t»xamplt‘, 
in a vessel filled with alveolar air. The <*lioice of indicators is hunted 
when the fluid under investigation is even faintly tmg(»<l with color 
For example, the faint yellowish tinge of blood-scTum iiit(‘rf(‘rc\s with 
the sharpness of the end-point with paranitrophcnol. 

The actual reaction or Ph of the blood, xindcr normal cir(*unistanc<»s, 
is extraordinarily^ constant. Very miinerous estimations hy a <liv<‘rsity 
of methods, wdiich have been nuwle within r(‘<*(‘nt yi^ars, havc‘ sliown 
that the upper limit of normal Pn values in blood is 7 5, whih' t lu* low <‘r 
limit (corresponding to the inaxiinum hyilrogc^n-ion conciMilralion) 
is 7.3. The question nowpresents itself What is tlu» pr('<-is(' iiu‘<'han- 
ism which maintains this extraordinary invanam't* of n^aclion? 

It was pointed out by L J, IleiKlerson in !<)()<), an<l again I>,\ nass<*l- 
balch in 191t), that the hy<lrogen-ion con<*entralion in solutions of salts 
of weak acids in equilihriinn w'itli the free acid stands in din»ct propor- 
tion to the ratio of the concentration of the free aci<l to the conciMit ra- 
tion of the salt. Thus in the case of carbonic ac*id \\v ha v(‘ 1 li<‘ follow ing 
equilibrium: 

H+ -h Hcor Naircoj 

Indicating concentrations by the prefix C and applying tin* mass-Iaw% 
we have: 

Ch X Ciiror = K 

Now from whence are the HCOj- i6ns in snch a inixiurt* (lcriv<‘(l S’ In 
only a very trivial degree from tlie carbonic acid, for it nuiHt he remem- 
bered that not only is carbonic acid an extremely weak acid, hut the 
slight degree of dissociation which it would undergo iu pure solutions 
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is greatly diminished by the presence of the highly dissociated salt, 
NaHCOa. Plainly, therefore, the overwhelming majority of HCOs~ 
ions must be derived from the dissociation of sodium bicarbonate, 
and hence may be regarded as standing in a fixed proportion X to the 
concentration of sodium bicarbonate. Thus the equation becomes: 

CHaCOr* K 

Ch+ = 3ECi where Ki « — , 

CKaHcot 

or, in words, the concentration of hydrogen ions remains constant so 
long as the ratio of free carbonic acid to bicarbonate remains constant. 
The invariance of the reaction of the blood, therefore, points to the 
existence of mechanisms which cooperate to maintain a constant 
proportionality of carbonic acid to bicarbonate. 

Very little free carbonic acid is contained in blood and its concen- 
tration must obviously be proportional to the concentration of dissolved 
carbon dioxide, and therefore to the partial pressure, or tension, of 
carbon dioxide with which the blood is in equilibriinn. The CO 2 
tension, expressed in millimeters of mercury, will therefore give us a 
measure of the numerator in the fraction. The denominator is almost 
exactly given by the total yield of CO 2 when the blood is acidified and 
placed under a vacuum. Under these conditions, of course, the bicar- 
bonate is decomposed, and since the proportion of free H 2 COa and 
dissolved CO 2 is always very small, almost all the CO 2 evolved is sup- 
plied by bicarbonate. If we construct a diagram, therefore, in which 
the total CO 2 obtainable after acidification is measured vertically, and 
the carbon dioxide tension horizontally, it will be evident that any 
gi\on (or concentration of hydrogen ions) will lie on a straight line 
passing through tlie origin of the coordinates. The greater the Vn 
(or smaller the concentration of ions) the steeper will be the slope 
of tlie line. 

In the following diagram (Fig 14) are represented the straight lines 
correspoiKliiig to the upper and lower normal limits of Ph, namely, 
7.5 and 7.1\ ITiider experimental or pathological conditions higher 
values of Ph may occur without incompatibility witli life, but abo\ e 
l*ji= 7.8 tetany, or incoordinate contraction of the muscles ensues, 
and just above this value death occurs. Similarly a lower limit of 
Ph (upi)er limit of hydrogen-ion concentration) exists, namely 7.0, 
below which coma occurs, due to paralysis of cerebral centers. The 
maximum range of Ph compatible with life, therefore, lies between 
7.8 and 7.0. 

The actual ratios of bicarbonate concentration to CO 2 tension are 
not constant but lie on curved lines passing through the origin. These 
curves rise steeply at first and then flatten out because the available 
supplies of alkali are not inexhaustible and consequently the bicarbo- 
nate in the blood tends to attain a maximum. The upper and lower 
normal curves are also depicted in the diagram. The whole area lying 
20 



306 PROPMRT1E8 CONPEftMED HY DIPPUMl lihli t'ONEr/Tri'JXTE 


between the two lethal extremes of reaction is thus <livi<ic<l into nine 
compartments. In other wonls, the blood-biearhonatc ma.v be IukIi, 
low or normal, and in each of these* conditions tlic Pn inay be* hifjh, low 
or normal, so that, in all, there are nine con<litions of the blood which 
are compatible with life: but of all these only one is normal, iuuiH‘ly, 
that which is representwl by the coinpnrtinent nnndtered 5 in tlx* 
figure. 

It will be useful to consider very bri(*fly how tlx* (*if>ht abnormal 
conditions indicated in tlie diagram may arise and tlx* i)i-oc<*ss<*s by 
which tlie normal condition may be regained. 
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Fig 14 — Normal and abnoimal variatioiiH of iho NoIK H)i, II ■( ’< )i, ( M (t*u-.n»n .iiul 
Ph in oxygenated human blood diawii fioni loMin^ Mib|<»c(s .it s(M-lt'\ol 'I’Ih* hit.ii- 
bonatc CO 2 at any point lu olitaincd by Hubti.aot lioni th(» tol.il <'(!• the icl.ii i\ <‘1 v 
small amount present as Haf'Oj indicuted by the HljintiiiK line n<*;ii tin* hot tom ol ih(> 
figure (After D D Van Slyke ) 

Area 1 represents the region of inmm pen mini nlhn/i r.rrrtin ''I'liis 
may be attained experimentally, or accidentally, by an i)\ (*rdoMige of 
sodium bicarbonate. It has also been attained by obslnietion of tlx* 
pylorus, witli frequent washing out of the stomach, so that an almormal 
loss of hydrochloric acid occurs without any (‘onipensat iiig loss of l)as(*s 
The paA of recovery from this condition lies througli Area I, which 
is attain^ by accumulation of (’Oj and eonseiiiient inereasi* of 
COs tension. Subsequently, the normal Ar<*a 5 is r<*gaiiied l>.\' sinuil- 
taneous and proportionate elimination of bicarbonate i>ia tlx* kxhx*ys 
and carbon dioxide the lungs. 

Areas 2 3 represent together the region of Vneontpettmled (Hh 

AeficH. This condition may be attained voluntarily by <h*<*i), rapiil 
breathmg (Hyperpnea) or by any condition, such as oxygen lU'fieit, 
which induces a similar type of respiratory movement. It is eon.so- 
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quently observed at high altitudes and is one of the underlying condi- 
tions of Mountain Sickness. The normal path of recovery is through 
Area 6, which may be attained through elimination of bicarbonate in 
the urine. Hence, during the process of recovery from this condition 
the titratable acidity of the urine diminishes. 

Area 4 represents the region of compensated alkali or CO^ excess. It 
may be attained by passage either from Area 1 or from Area 7. Conse- 
quently it is entered during recovery from overdosage with bicarbonate. 
This condition is also observed in Emphysema or incomplete ventilation 
of the alveoli of the lung, such as arises in Asthma from constriction of 
the bronchioles. The condition originates in this case from inadequate 
loss of CO 2 through the lungs, followed by accumulation of bicarbonate 
through the checking of the excretion by the kidneys. Although the 
final condition, in so far as the base-acid equilibrium in the blood is 
concerned, is the same as that attained during recovery from overdosage 
with NaHCOa, yet the two cases usually admit of distinction, for if 
tlie condition arises from interference with CO 2 - loss then this neces- 
sarily involves proportional interference with oxygen intake. The 
blood thus tends to be inadequately oxygenated and the bluish tint 
of venous blood appears in the lips and other mucous membranes 
(Cyanosis) . 

Areas 7 and 8 represent together the region of uncompensated COa 
excess This condition may be attained by breathing air to which 
carbon dioxide has been added, and it has also been encountered in 
Pneumonia. In the endeavor to compensate this condition the blood 
and tisvsues retain bicarbonates, the output of these in the urine tlimin- 
ishes and the titratable acidity of the urine consequenth increases 
Furthermore, the synthesis of urea from ammonium carbonate is 
diinniished, so that the Ammonia output into the blood and urine 
increases IleeoverN from this condition, as indicated above, in^ol\es 
passage through Area 4. 

Area 9 represents the region of uncompensated alkali defied. This is 
the t\pical region of nejihritic and diabetic Acidosis. In diabetes the 
condition arises in consequence of the defectn e oxidation of Fats, \\ Inch 
results in the appearance of considerable quantities of jS-bydroxybutyric 
Acid and Diacetic Acid in the blood These acids react uith the bicar- 
bonates in the blood, converting them into salts of the corresiionding 
acids and liberating COz The bicarbonates diminish, therefore, with- 
out any corresponding diminution of COo tension The respiratory 
mo\'ements are accelerated (Dyspnea) in the endeavor to rectify' this 
disproportionality' by' accelerated loss of C''02 tlirough the lungs. The 
titratable acidity' of the urine increases and, for the reasons indicated 
above, the output of ammonia is much enhanced. Recovery' from 
this condition probably' involves passage through Area (>. 

By' the cooperation of the lungs and kidney s, therefore, and also, 
on occasion, by the interruption of the normal process of urea formation, 
any' abnormal acid-base equilibrium in the blood tends automatically' 



308 PROPERTIES CONFERRED BY DIFFUSIBLE CONSTITUENTS 

to be corrected. There is, however, a normal (jscillation of acid-base 
equilibrium, incident to the loss of CO 2 in respiration, an<l tlio cpnsstioii 
now presents itself how tliis periodic loss of COs is compcnisattsl so as 
to mimimize the conseqent changes of l*n? Obviously tins loss of 
COa must be balanced by a diminution of bicarbonate, but, ccpially 
obviously, this cannot be achieved by e.\crction through the ki(ln<\\'s, 
for that would involve a lapse of time quite incoimmnisuratc with the 
period actually occupied by the respiratory cycle, and, morcov<>r, the 
bicarbonate thus lost would be necdcjd again to balance* the subsisiuent 
accumulation of COa when the blood enters the* vc^nous <-ir<-ulation. 

It is almost imperative to assume that the excess of bic-arbonat c (*nt(*rs 
into reversible combination with some other weak acid in tin* blood. 
The conversion of monosodium phosphate into disodiuin phosphate in 
accordance with the equation: 

NaHjPO* + NaHCO* ^ Nualll’Oi -I- M.'O I <*<>• 

suggests itself as a possibility, but the concentration of phosphate's in 
the blood is inadequate for this puri)ose. The only altc'rnativc* is that 
which is presented by a similar inteniction with protc'in in aeeordanc'c 
with the equation: 

NaHCOa + I’lotoin Nu I'lotoiiiaU' -|- II-O I <’<)• 

which proceeds from left to right as the CO-j-tension diminishc's, and 
from right to left as it increases. 

Direct determinations by the potentioinetricnu'thod ha\e shown that 
the sodium-protein compounds in blood sc'rum are capable of ae-counting 
for almost exactly one-fifth of the total capacity of the sc'runi to neut ral- 
ize acids between the normal Pn value of 7.4 and the value in diabetic 
coma, namely, 7.0. The difference between the Pn of arti'rial and that 
of venous blood is, of course, very much less than this. A<-cordiiig to 
Stadie and Van Slyke, the total ClO-i capacity (NalK ’().,) of m'iioiis 
blood exceeds that of arterial blood by 15 i>cr cent. In passing from 
the arterial to the venous condition, therefore, 15 jier cent of the bicar- 
bonate has been bound by some other weak acid. Assuming tin* a\’er- 
age amount of NaHCOj in venous blood plasma to correspond to 
about 60 volumes of CO 2 per 100 ec of blood ]>lasma, this would m<*an 
that in the lungs each liter of blood would give up {)() <-c of i-arbon 
dioxide, corresponding to a change of in the concentration of 
bicarbonate.^ 

It has been ascertained that at approximate neutrality a. change of 
0.004 M in the amount of base bound by the plasma [irotcins yields 

^ One gram molecule of CO2 would measuro 22 4 liiurs at utuKiHphoric i>roH.sur<* 'rhc*ro- 
fore, 90 cc corresponds almost exactly to 2^0 of a gxam molecule of CX)®, and siuco I 
molecule of NaHCOs yields 1 molecule of CO2, it also coriospouds to tlio disappourunco 

7^11 of a gram molecule of sodium m the form of bicarbonate 
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a change of 0.75 in the Pa (Pig. 15).^ Hence the loss of bicarbonate in 
passing from venous to arterial blood, if wholly accomplished by the 
plasma proteins (serum albumin and serum globulin) would involve 
passage almost the whole way from the one let^ extreme of Ph to the 
other. Actually the maximum change of Pb cannot be more than one- 



Fr« 1.5 — Showing the po^ei of ox-serum piotems in 8 pei cent solution fai>proxi- 
nuitolv Iheu concentration iii blood plasma) to maintain neutiality The \eiti<Ml crohs- 
linch intellect Ihe cui\e ^heie it attains the upper (7 S) and lowei (7 0) lethal levels 
Ph Hetwcen thcbC le\els the amount of acid (or, in the reveise direction of rhanse, 
tlio aniuuiit of alkali) 'whidi is neutralized coiresporids to an addition of O 004 noiinalitv, 
oi (C'onstriK ted fioni the nieusuicnientss of Robeitson Joui Biol C'liein , 1910, 

7. 351) 


1 It must not be concluded fiom this figuie that the seiuni proteins aie necessaiily 
acting as bahcs at the Ph which pie vails in noinial plasma The beium proteins were 
precipitated by alcohol and in consequence any bases combined with them in the setuni 
must have been piccipitatod with them (Robeitson The Physical Chemistiy ot the 
Proteins, New Yoik, 1918, pp 69 and 271 ) The neutialization ol acid between the Ph 
v^ucs of 7 8 and 7 0, therefore, may have been accomplished not by the protein but by 
the bodium previously combined with it Obviously this does not affect at all the accu- 
racy of the measurements, which aim merely at determming the change of normality of 
added acid or alkali which is necessary to induce a given change of Ph in a solution of 
plasma proteins as they exist in blood To the observed effect there will be added, in 
plasma, the neutralizing power of Fibrinogen, but this probably is quantitatively negli- 
gible, owing to the compaiatively small amount of this protein which is present in com- 
parison with the amounts of seium albumin and serum globulin. 
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fourth of this, and since the neutraliziuK power of the plasma pro(<nns, 
in the nei^chborhood of neutrality, is almost exat^tly proportional to 
the chan^^e of Tn. it follows that the plasma ])roteins (‘annot i>ossn>ly 
account for more than one-fourth of the at^tual variation of the bicar- 
bonate-content of thel)loo<l which (uxairs during the respiratory 
Since the bicarbonates ami plasma proteins, witl) insignifieant ainonnts 
of phosphates, eomprise all the eonstitiients of i)lasina which an^ avail- 
able for neutrality regulation, it is evident that a substantially unvary- 
ing Ph during the respiratory cy<*le can only l)e s<‘cur(»d by tin* co<)p(‘ra- 
tion of the })lood corpusch^s. 

Before proceeding to conshh^r in detail the pretase natuix' of the ])art 
played by tlic eorpuseles in maintaining the neutrality of the blood, 
however, we must consider whether, ai)art from the bicarbonatc's which 
they contain, they may conceivably play any inoix^ dirt^ct rdh‘ in 
the transport of ('O 2 in the body. Sim^e proteins are ain]>hot(Ti<‘ 
substances it is conceivable that they might not inonAy act as wt‘ak 
acids but also as weak bases in the bloo<l. Theix^ has, in fact, b<‘(m 
some discussion of the question whether Hemoglobin, by playing tin' 
part of a base, may not assist in the transport of carbon dio\id(^ from 
the tissues to the lungs. Careful lueasureinents by Caini>b<‘ll and 
Poulton, however, have demonstrate<l tliat at all the hydrog(ni-ion con- 
centrations which are involved in the ordinary gas(X)ns (‘xchangivs in 
the circulating blood, hemoglobin and the otlier blood [irottnns ar(‘ 
unable to combine with carbon di<>\i<le. Only at partial pK^ssun^s ol* 
CO 2 in excess of 200 mm. of mercury <l()es the acidity oF tlu‘ blood 
become sufficient to enable the proteins in tin* corpuscles to bind 
appreciable amounts of (X) 2 . Umler the a(‘tnal conditions wlm li pre- 
vail in life, therefore, the blood proteinsdo not participate^ in tin* carnage 
of carbon dioxide directly, but only indire(‘tly through modiFxing tin* 
amount of alkali which is available for its <*oiiV(*rsion into hicaihonate* 
We must assume, therefore, that the l>loo<l-eorpusel(*s accomplish tin* 
neutralization of not less than three-fourths of the l)icarl>onat<* \\hi<‘h 
actually disappears from the blood to balaiu'c tin* (X)* which is<*\hnU*<l 
from the lungs during eaeli respiratory ey<*le. The wa\ in which tins is 
accomplished \ras indicated by an observation made* by Nass<* in 1S7 I, 
but the true significance of this observation has only lieen <‘oinj)r<*hend(*<l 
latterly and after its rediscovery by many other investigators \Vh(*n 
whole blood is treated with (X )2 the Chlorides in plasma (!(*<*reas(*, and 
the bicarbonates increase, while on decreasing the carbon dio\id<* t<*nsion 
the reverse phenomena occur. Evidently hydro(‘hloric a<*i<l, friH* or 
combined, flow's into the cells under high (X)^ tension an<l l<*aves thi‘in 
again when the (^©2 tension falls. Simultaneously liicarhonalcxs (low 
out of the cells under high CO 2 tension and enter them again \vh<*n tin* 
CO 2 tension falls. 

A striking parallel to this phenomenon is affortled by an obs(*rvation 
of T, B. Osborne. This investigator showed in 1901 tiiat when certain 
proteins, for example Edestin, are dissolved in sodium chloriile solution 
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and CO2 is passed through the solution, the protein decomposes sodium 
chloride and combines with hydrochloric acid, in accordance with the 
equation: 

Protein + NaCl -f- HaO + COs Protein HCl + NaHCOa 

the reaction proceeding from left to right when the C 02 -tension is high 
and from right to left when the CO2 tension is low.^ Obviously a 
reaction resembling this, the hemoglobin within the corpuscles playing 
the part of the Edestin in Osborne’s experiment, would account for all 
of the phenomena which we have described. Unfortunately we do not 
know whether, at the normal Ph values of blood, hemoglobin is acting 
as an acid or as a base. This would be a simple matter to ascertain 
if we were justified in assuming that the Ph within the red corpuscles 
is identical with the Ph of the plasma in which they are suspended. 
The differential permeability of cells for bicarbonates and free carbonic 
acid renders this assumption unsafe. It is generally assumed, because 
hemoglobin does not combine with CO2 at the reactions w^hich prevail 
in blood, that it is therefore acting as an acid. However, inability to 
bind the w’^eak acid H2CO3 would not necessarily imply inability to bind 
the strong acid HCl, and the question whether reduced hemoglobin 
actually binds HCl at the Ph of venous blood or not must therefore 
for the present be left an open one. 

An alternative explanation, offered by Warburg, is based on a sug- 
gestion originally put forward by the physical chemist Donnan. He 
assumes tliat hemoglobin behaves as an acid and binds sodium, the 
oxyhemoglobin in arterial blood being a stronger acid than tlie reduced 
hemoglobin m venous blood Now the surface of a red blood corpuscle 
ma\' be regarded as a semipermeable membrane, permitting the passage 
of certain inorganic 10ns but not of protein ions Warburg assumes 
that sodium ox\ hemoglobinate splits into sodium 10ns and protein ions.^ 
The formation of sodium ox^ hemoglobinate from sodium bicarbonate 
must lead to the taking up of fresh bicarbonate from the plasma to 
replace that w Inch has been neutralized. Sodium 10ns are now furnished 
from three sources ithin the corpuscles, namely, from sodium oxyhemo- 
globmate, sodium chloride an<l sodium bicarbonate Of these the two 
latter ina\ be supposed to have been originally in osmotic equilibrium 

' This ii'ticlion (ouhl iKit oocui li the proteiii-hj^dioehloiic acid c*omp<Jun<l ^ere sub- 
icc t to hv di<ih\ ti( de< oiiipoMtion Kvidently it iss not Since hvdiol^ tic* de<*oniposition 
IS .iitunll\ cine to the inteichaiiKe ot loiiJs with water 

JiA + H OH ^ BOH + HA 

this expeiiment affords a striking illustiation of the fact that compounds of pioteins with 
11101 guiiK* acids do not yield inoigamc ions 

2 This might appear to affoi d an exception to the general rule that protein salts do not 
dissociate inorganic ions This would not necessarily follow, however, because, as L J 
Hendeison has pointed out, the fact that combination with oxygen alteis the acid-base 
affinities of hemoglobin may mdicate that it combmes with bases thiough the agency 
of the oxygen-binding Hematin. moiety of the molecule and not through the agency of the 
piotein moiety, Globm. 
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with the plasma, so that an excess of sodium ions, not l»iihnic<*<i in (he 
plasma, is derived from the so<lium oxyliemofflobinatc. 'I'lie sodium 
ions in excess of tlic plasma-concentnition dill‘us<‘ outwnnl, carrying 
positive charges witli them and thus tending to 1ch\<‘ the corpuseh^s 
negatively charged. To counterbalanee this, chlorine ions diffuse out 
so that the net result is an increase of tlic sodium chloride in tlu> blood. 
When the oxyhemoglobin becomes reducetl in the vtnious circuhition 



on the nght, per molecule of oxyhemoglobin, would ho propoitionsitolv inull.ipluMl 


the process is reversed, sodium hydroxide is liberated from its <*oinbina- 
lion with hemoglobin and is promptly convertwl into scxliuin l)icar- 
bonate which diffuses out of the corpuscles, while sodium chlori<h‘ dif- 
fuses back to reestablish the equality of distribution of this substance 
between the plasma and the corpuscles. 

_The sequence of events may be illustrated by tlie a<‘eom]>anying 
diagram (Pig. 16). Let the compartment to the loft rei>rcsent' tlu* 
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interior of a blood corpuscle and that to the right the plasma in which 
it is bathed. These two compartments may be conceived as being 
separated by a movable piston which is permeable to inorganic ions 
but not to protein ions. The oxyhemoglobin ions for which the piston 
is impermeable will tend to force the piston to the right, because they 
are only present in the left-hand compartment, and since ions of 
opposite charge (sodium ions) are held back in the same amount by 
electrostatic attraction, the pressure from the left-hand side on the 
piston can only be balanced by an equal pressure on the right-hand side 
caused by the migration of sodium chloride in excess into the right-hand 
compartment. Hence the chlorides increase in the plasma, and return 
to the corpuscles only when the sodium oxyhemoglobin compound is 
broken up by the reduction of the ox^’^hemoglobin in the venous circula- 
tion, with consequent diminution of its power to bind bases. 

Obviously the choice between these two alternative explanations 
hinges upon the question whether hemoglobin, at the Ph of normal 
blood, is behaving as an acid or as a base. Further knowledge of the 
behavior of hemoglobin toward acids and bases in pure solution and 
in the presence of other electrolytes is required before we can reach a 
definite decision in the matter. It is evident, howev^er, that the main- 
tenance of the neutrality of the blood involves, to a very important 
degree, the cooperation of the formed elements It must not be for- 
gotten, moreover, that throughout the respiratory cycle the plasma- 
proteins must inevitably be assisting, albeit to a proportionally inferior 
extent, in the maintenance of a constant hydrogen-ion concentration. 
In the tissues the proportional importance of the proteins must be much 
greater than it is in the blood plasma, because they are present in proto- 
plasm in considerably higher concentration than they are in plasma. 
It is for this reason that the assistance of a particular tissue, namely, the 
er> tliroc\\ tes, is requisite to maintain the in\ ariance of the reac*tioii of 
the l)Iood 

The \ ery great susceptibility of most of tlie chemical reac tioiis which 
are nuohed in life-phenomena to slight changes of reaction ma> 
readily he seen to involve relative stahilitv of rea(‘tion as a requisite to 
the onlerly performance of life-processes It is in fact an almost uni- 
veisal rule, in the words of Loeh, that “life-phenomena occur in a neu- 
tral liquid.” The ocean, which is the original home of life, is, thanks 
to the presenc*e of hicarhonates and ])hosphates, a “ butfer”-solution 
an<l nearly neutral in reaction despite the life which swarms therein. 
According to Palitzsch the extreme variation in the h^V'drogen-ion con- 
centration of the ocean is from 1 1 x 10”® N to 0 45 x 10”® N H+, corre- 
sponding to an exceedingly faint alkalinity of the order of that found in 
the blood of mammals In a very few instances only does life subsist 
in a medium which deviates far from neutrality. When secreting gastric 
juice, in the absence of neutralizing substances, the cells of the gastric 
mucosa are bathed on the side toward the lumen of the stomach by a 
fluid which may attain an acidity, or hydrogen-ion concentration, <lue 
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to hydrochloric acid, of no less than onc-lnin<lr(Mlth iionnal, or Wn 
tliousand times the acidity which wouhl correspond to tli<‘ alkalinity of 
pancreatic juice. The “salivary j?lan<ls” of <*ertain <‘arnivorons mol- 
lusks, which probably correspond in func‘tion to the ^>astrie ^^lamls in 
mammalia, similarly secrete an acid juice in which th<‘ hi^^h hydro^(*n- 
ion concentration is attributable to Sulphuric Acid. 

With such rare excejitions, exhibited only by highly sp(‘ciali'/i‘d and 
adapted cells, the immediate environment in winch living niatt(‘r 
subsists is extremely invariable in (‘crtain physical charact<‘ristics, 
and this invariability, which is essential to the normal o<»<‘nrr(‘n<‘(M)f 
life-phenomena, is brought about through the interplay of uni<iue 
physical and chemical properties which are ])ossess(Ml b,\' wati'r and 
carbon dioxide. Even tlic aclditiomil stability of the CMivironnuMit of 
life which is brought about by the inaintenaiK^e of constant tt^mperatiiri* 
in the homoiothermal animals, is dependent upon tlu‘ uni<pu* sp<*eilie 
heat of water. The fitness of our environment for lilV is tlu^ndon* 
essentially dependent upon these substances. As I h^ncU^rson lias 
pointed out, it is not that living matter has heconu* adapti'd in an 
evolutionary sense to this mc<lium, although specific organs con(*(‘riu‘d 
in the maintenance of the stability of the environnuMit m higher 
organisms, such as the kidney, may have been sul)jec*t to t‘volntioMar\ 
adaptation. For the environiuent, or the c‘omlitions from which it 
inevitably arose, long antedated life itself, and tin* (‘arlu^sl forms of 
life must have been fitted to this environment no less (‘\a<*tly than tlu* 
later. A direct chemical interrelationship l)etw(‘(‘n Tde pluMionuMia 
and the particular type of environment in which th(\\ o(»(*ur is thus 
indicated 

It is somewhat idle to spe<‘iilate whether or not lif<‘ <*onld subsist 
in some quite different environment wdth some otlu^r <‘l(‘m<‘nt such as 
silicon or boron as a base instead of eurbon Such “life,” if it could 
correctly be so called, lies of iieeessity outside oiir i<‘ncc Hut 

the absolute dependence of life, as we kiunv it, upon watiM* m tb<‘ licpnd 
form and carbon dioxide in the gaseous form r(*iid(‘rs tin* t(‘inj)eratnr(* 
limits between which life ean subsi.st excessively narrow in comiiarison 
with the vast range of temperatures fouiul in tlu‘ various portions of 
our universe Of the ()5()() <legrees w'hieh separate the t<Mnj)<M'atnre of 
interstellar space from that of the surface of the sun, only fif)”, or on<‘ 
percent of the total range, is suitable for the occiirr(Mic(M)f lil*(‘-ph(‘- 
nomena. In view of this exceedingly iiarrow’^ margin uixm whi<*li liF<‘ 
precariously depends, the probability of its presem^e in any otluM* of the 
bodies in our solar system must be regarded as e\c(*txlingly small. 
Concerning the possibility of life in other suns or planets wdiic'h may 
be associated with them, we are of course in complete ignorance, but 
Arrhenius has put forward the interesting hypothesis that life may b(‘ 
transmissible, in the latent form which is embodied in bac‘terial spores, 
from one part of the universe to another in association with cosmi<* 
dust. Bacterial Spores have been experimentally shown to be excised- 
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ingly resistant to desiccation and low temperatures, retaining their 
ability to give rise to functionally active protoplasm so soon as they 
encounter a favorable environment. The computations of Arrhenius 
show that the known properties of certain bacterial spores are not 
inconsistent with the view that they might survive a journey through 
space, impelled by light-pressure, from one solar system to another. 
If this view be correct, then the existence of life in any part of the 
universe might sow the whole with seeds ready to develop at any 
moment at which the environment of a particular cosmic body becomes 
suitable for the maintenance of the processes of functionally active 
life. 


THE INCLUSION OF THE ENVIRONMENT. 

A unicellular organism governs only the substance which comprises its 
single cell; all that lies outside its periphery is beyond modification or 
control. It is therefore subject to constraint by a variety of fluctuating 
factors in the environment, such, for example, as nutrient supply, 
hydrogen-ion concentration, osmotic pressure, the proportions of the 
several mineral constituents in the pericellular fluid and, finally, tempera- 
ture. A slight fluctuation of any of these may accomplish its destruc- 
tion. Constrained as they are in these diverse ways a variety of envi- 
ronments are, nevertheless, available for inhabitation by unicellular 
types and a corresponding variety of forms have been evolved to fit 
into these environmental niches. Nor must the mistaken supposition 
be made that because they are unicellular these organisms are “ simple.” 
Given the number of degrees of constraint to which they are subjected 
by the fluctuating factors of their environment, their adaptation to 
these constraints is presumably not less perfect than that of the types 
which we are accustomed to regard as representative of greater com- 
plc\it\ Within the compass of its limited opportunities the adapta- 
tion of a unicellular form to its environment is not less exact than that 
of a inulticellular form of living organism. Contemporary research 
has lexealed complexities of structure in the Protozoa which were for- 
nierl,\ uniinagined, and the terms “simple” and lowly,” which were 
formerix applied to these organisms, are not more properly applicable 
to them than to ourselxes. Indeed, it is probable that the individual 
cells comprising our tissues are far more limited in their potentialities 
than any unicellular type, simply because the cooperative actixdties of 
the cell-community hax^e simplified and standardized the environments 
to whicli its constituent cells are required to adapt themselves. In 
truth, the conditions of existence are not less but much more complex 
for a unicellular type than for any of the individual cells of a multi- 
cellular type of organism, and this complexity of conditions is met by an 
answering complexity of internal organization and a corresponding 
diversity of types. Given the fundamental limiting conditions of uni- 
cellular life, therefore, every variety of environment in the world which 
was habitable may be supposed to have been filled by the appropriate 
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form at a certain stage of evolution. 'Hie law of Maltlnis wouM 
ensure the conii)lcto po])iilation of the worl<l, sin<l, tliat <lon<s the 
habitable world was filled and without some luwv <!<w’iee evolutionary 
stasis would have been inevitable. 

The further progress of evolution eould only be reiulered possible by 
successive inclusion and control of the fluctuating factors of the environ- 
ment, and this, in essentials, is what the multicellular types of organism 
have accomplished. Thus, the liabitablc world having been fill(*d by 
all the possible variations of the unicellular type of organism, supi)ose 
an organism to have arisen which possessed the means of fix'eiug its<‘If 
from one single degree of environmental constraint. Straightway a 
world was opened for inhabitation dilTering from the w^orld inhabit e<l 
by the previous forms in the omission of one of tb(‘ constraining factors. 
Competition with the previous types iitiay have oc<‘urn‘d lu'rc an<l tluu*e, 
but that was not inevitable, because life was now' liv inl upon a dilVertMil 
plane and in what constituted, in effect, a new' and (“mpty world 
Perhaps the first approach toward environmental invariancci W'as 
accomplished by the more or less suc(*essful c'ontrol of tlu‘ niitri<‘nl- 
concentration, or, as we will subsequently term it, tiu' Nutrient Level 
in the pericellular fluids. The slow stream of sea-w'ater w'hi<*li passes 
through the oscula of a sponge maintains a consta.nc.v of nutrient supply 
unattainable to the single cell without a relativ(‘Iy great <‘\p<‘nditur<‘ 
of energy in locomotion, and this, perhaps, constitutes om‘ of the 
simplest devices of this kind. Anew environment was thus (‘nailed 
an environment which was partly mf/m? as contrast (‘d w'ith that which 
was wholly wUhovt, and tliis environment ])r()vecl (*ai)al)le of n^produc- 
tion and expansion over tlic whole worhl. With each (h'gn'c* of <*ii\ iron- 
mental inclusion, a fresh expansion became j)()ssibl<‘ \V(‘ may, if w<‘ 
choose, regard each fresh acquisition of environmental in\ariaiic<‘ as an 
advance in the scale of evolution, and it may result in agc‘nnim‘ acl\ aiicc^ 
in the complexity of the organism regarded as a wlioh', but it do(\s not 
constitute an advance in adaptcjtimi , because tlie pr<M*(‘ding typ(\s w'<u‘<‘ 
no less perfectly adapted to their relatively variable^ (MiviroimuMit than 
these new types to their relatively stable cnviromiKMit. 

We do not know at what stage of evolution the internal n*gulation 
of hydrogen-ion concentration first occurred, but tlu* r<‘s<‘arclH‘s of 
Collip have shown us that it has been a(*hicv(‘<l with a n^markabh' 
degree of success by tlic moUusca^ the (*alc*arcous slicll affording a r<'S(‘r- 
voir corresponding to the Alkali Reserve in the blood of vcrt<‘brates. 
It may be assumed tliat tlie achievement of this invariance formed the 
basis of the existence of a vast variety of forms from which the later 
evolutionary types were ultimately destined to arise. The ac*hi<‘vement 
of Osmotic Invariance, and, at the same time, invariance of the Saline 
Composition of the pericellular environment, dates, as tlui researches of 
A. B. Macallum have shown, from tlie acquirement of a kidney by a 
protovertebrate type. Immediately a vast efflorescence of types em- 
bodying this fresh degree of environmental inclusion bec*aine possible; 
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once more the world lay empty for inhabitation and the law of Malthus 
ensured its ultimate population to its most remote confines. Lastly, 
Thermal Invariaxice was acquired and the cells comprising the higher 
vertebrates, now freed from the restraints imposed by the caprices of 
the environment, flourish in a security and uniformity of the condi- 
tions of existence which was totally unattainable to their unicellular 
ancestors. 

Each of these new planes of organic development created new oppor- 
tunities, such as those of parasitism for the older types, and these in turn 
reacted upon the development and proliferation of the more recent 
types. In general, however, these differing planes of organic develop- 
ment are so unlike in their relationship to the external environment 
that they do not enter into conflict, but constitute, each of them, a 
fresh beginning and a new reaction to opportunity. 

Now it is the essence of all those mechanisms which secure environ- 
mental invariance for the constituent cells of the community, that they 
react to changes in the external environment in such a manner as to 
neutralize and cancel them. Absolute invariance in a complex of 
dynamic equilibria, such as a living organism, is manifestly unattain- 
able. The utmost which is actually attainable is the automatic coun- 
teraction of each slight fluctuation from the optimum, as a motor car 
is held to its true course, not by an undeviating progression, but by 
successive corrections of its deviations from the desired path. No other 
type of mechanism would be of the slightest use for the purpose. The 
mechanisms which maintain the relative invariance of nutrient level, 
hydrogen-ion concentration, osmotic pressure, saline composition and 
temperature in our pericellular fluids, are so many dynamic equilibria 
whic'h react to the changes imposed by the external environment in 
hucli a way as to neutralize them in the internal environment. They 
thus constitute so many steps in a cumulative emancipation from 
dependence upon the external environment. 
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CHAPTER XIIL 


PROPERTIES CONFERRED BY THE COLLOIDAL CON- 
STITUENTS: STRUCTURE AND CONSISTENCY. 

THE EiyroLSION-STRUCTXJKE OF PROTOPLASM. 

One of the most important aspects of the relationship of the Lipoids 
to the properties and behavior of protoplasm is that arising out of the 
marked effect upon the tension of protoplasmic surfaces which the 
lipoids and their decomposition-products are capable of bringing about. 
The Surface-tension of the interface between water and gas, or an 
immiscible fluid or solid, is very markedly reduced by Oils, Fatty 
Acids or Soaps, and this fact contributes in the first place to the deter- 
mination of the distribution of these substances in the cell, and in the 
second place to the stability of the emulsified substances in living cells, 
which, despite their immiscibility in water, remain suspended in the 
form of stable emulsions within the material composing the protoplasm. 

The distribution of soluble fatty materials in the cell, such as the 
Lecithins, must be considerably influenced by the extent and variety 
of the surfaces which are presented by the sponge- or foam-like structure 
of protoplasm The reason of this is that all those substances which 
rediic*e superficial tensions also tend, if possible, to become concen- 
trated upon au\ surfaces presented to them. This is \ery strikingly 
show n, for example, in a classical experiment adduced by J J. Thomson. 
If a deepl\ (-olored solution of Potassium Permanganate be passed 
through a long column of well-washed and fi n el \ -ground (piartz-sand, 
the first few drops of fluid which percolate through the column w'ill 
be found to be coloiless, the whole of the i>ermanganate in this first 
(luantuin having been abstracted from the solution h\ the surfaces 
over which it has jnissed, not ]>ecause of aii\ chemical interactioi\ 
between the sand and the reagent, but iii consequence of the reduction 
of the tension of the water-sand interface by the permanganate 
Similarly, if acpieous solutions of Saponms or of Bile-salts l)e shaken 
up w'itli iietroleiim-oils, the dissolved substance w'ill be found to have 
become concentrated at the surface of the oil-drops, and in the foam 
which forms when saponin solutions are shaken in air, the saponin is 
more concentrated than it is in tlie body of the liquid 

The mechanism of this retention of dissolved substances by sur- 
faces is as follows. In the accompanying diagram (Fig. 17) of a spheri- 
cal droplet partially enclosed by a layer of molecules which coat it 
and separate it excepting at the gap from direct contact witli the 
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surrounding nicclium, if the enveloping molecules rt*<lu<-e the tension 
of the interface between the drop and the medium in whi<-h it is sus- 
pended, it is evident tliat tlic timsion t)f tins expose<I gap in the surface 
will be greater than the tension of the eover<*d portions of the surface. 
The two portions of tlio surfa<*e will be pulling une<iually, therc^fort', 
and unbalanced cxc*ess of tension will exist at the gap in th<! .seiuse 
indicated by the arrows, and the ttnideney of this tension in the ease 
of a gap of molecular dimensions will obviously be to dniw togetlu*r the 
edges of the enveloping film ami re<lu<‘e the ten.sion of all parts of the 
surface to a uniform value. Any mole<'ules of such a substanc<‘ ctnning 
into contact wth the surface will therefore tend to be hehl or “ trap|>(‘d” 
there, and since, in the course of the fortuitous motions of tlu; dissolve<l 
molecules, a very large number mu.st repeat<Hlly <’ome into <*onlact 
with any surfaces exposed to a solution, the a(‘cumulation of a<lbering 
molecules will continue until the droplet beconn^s covered b.^’ a lay<*r of 
such thickness that the molecular attraction between tin* underlying 
molecules of the drop and tho.se of the surrounding medium beconu^s 
inappreciable owdng to the distance through whi<-h it has to Ik* (‘xerled. 
This will occur wlien the thickness of the lilin is of tin* or<l('r of that of 
a soap-bubble just before it bursts, namely, about oiu* two-inilhonth 
of a millimeter. 



Fig. 17 — IlluHtza.tinK Mit* of a lipotdal hivt»i at Hio illicit 

phases to lopiiit itself vvhoii hioKoa 

The extent to whidi the Surface-tension of wattM- is hmIikhmI hy 
lipoidal substances and soaps may ho inforn'd from following 
results reported by Lord llayloigli. The measuromonls nd'or to an 
air-water interface. 

I yyiu'-t |)i'i 

oiii 


Tension of puie watoi' 74 

Tension of greasy water . , . 

Tension of water saturated with olive oil 4 I 

Tension of water saturated with sodium oloato 25 


The trace of Olive Oil which dissolves in water, Ihoreforo, rofhiecs 
the tension of the air-water interface to one-half its normal magnitude. 

1 The tension of the air-water ixiterfaco is usujJly cozisidorud to l>o 81 dynes per 
s<^arG centimeter, which is the estimate of Quincke. The estimate of Loid Rayloigh, 
who employed very lefined methods of measurement, is more pxobnbly correct. Ip any 
case, all of the estimates having been made by the same method, they are comparablo 
with one another. 
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The lipoids in the cell are present partly in soluble forms, such as 
the Lecithins, partly in a very finely emulsified form, the individual 
particles being of ultramicroscopic dimensions, and partly in a 
coarsely emulsified form such as that foimd in fatty connective tissues. 
The presence of a large proportion of ultramicroscopically divided fat 
is shown by the high fat-content of many tissues in which miscroscopical 
examination, after appropriate staining, fails to reveal the presence of 
visible fat-globules. Under certain conditions, especially in Phosphorus- 
poisoning and in Anaphylactic Shock, the ultramicroscopic particles in 
certain tissues coalesce to form coarse emulsions and the particular 
tissues affected, as for example the liver in phosphorus-poisoning, are 
then easily seen to be heavily infiltrated with fat. Direct analysis 
has shown that in such cases tie fat-content of the tissues is neverthe- 
less normal, in other words the normal liver-cell contains just as much 
fat as the liver-cell which has undergone fatty degeneration in conse- 
quence of phosphorus-poisoning, but in the normal cell the Emulsifica- 
tion of the fat is so thorough that the greater part of the fat is present 
in particles too small to be visible under the microscope. The soluble 
lipoids and the soaps and other substances which reduce the tension of 
an oil-water interface are probably in large proportion concentrated 
at the extensive surfaces which arise from this subdivision. 

The Emulsification of fats in water is greatly facilitated by the 
presence in the water of a substance which reduces the interfacial 
tension, provided that at the same time the substance forms a viscous 
or sparingly soluble coating over the oil-droplets which retards tlieir 
coalescence when they come fortuitously into contact with one another. 
We have already had occasion to dwell upon the importance of soaps 
and of the bile-salts in bringing about the emulsification of the fats in 
tlie diet prior to their h;y(lrolysis by the digestive enzymes. 

When oli\ e oil is shaken up v ith pure water little or no emulsification 
occurs. K\cn wdieii the mixture has been very tlioroughly sliaken, 
the oil and water sei)arate completely within a comparati\xly brief 
j)cri(>d. If, however, a little sodium carbonate or hydroxide be added 
to the water, in order to form soap with the trace of fatty acid w hich oil 
contains, the effect of shaking the mixture is now very different. A 
milky or creamy emulsion is formed with comparatively little expen- 
diture of mechanical effort in shaking, and no separation of the tw^o 
fluids will occur even after long intervals of time. The emulsifying action 
of alkalies is also strikingly illustrated by floating drops of Olive Oil 
upon distilled water and 1 per cent sodium carbonate solution respec- 
tively- In the latter case the oil-droplet spreads out, fluctuations of 
superficial tension at tlie edges of the drop cause deformations, and 
result in a species of '‘fraying^^ of the edges, minute particles of the oil 
breaking off to form a milky emulsion which gradually spreads through 
the solution. 

In the Emulsions of oil in water which are thus formed the spherical 
droplets of oil are surrounded and completely enveloped by the water. 

21 
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The power of a given (puintity of water to suiToun<l oil must evultMitly 
be limited, however, for no matter Iiow tightly packed tlu* i)arti<-l<>s df 
oil may be, the thickness of the layer of wat(‘r hetwe<‘n them cannot he 
of less than molecular dimensions at its thinnest, and must of course 
be much greater in the interstices of the emulsion. In otlu'r wonls, 
a limited quantity of water cannot emuLsify an unlimii(Hl ((uantity «if 
oil and, as a matter of fact, when a given tpiantity of oil is shakcm w ith 
varying proportions of alkaline water, if the volume of water is Ix'low 
a certain critu'al fraction of the volume of the oil, the character of the 
emulsion which is obtained is altere<I altogether, and wc now have 
emulsions of Water in Oil. A convenient metluxl of .symbolically 
representing these differing types of emuksions is to enclos<* the Internal 
Phase of the emul.sion in i)rackets. Thus an <‘inulsion of oil in water 
would be designated: 

waU'f (oil) 

while an emulsion of water in oil would l)e distin^uislied Iin tlu* .s\ iiiliol. 

(water) oil 

When the proportion of water to oil is in the lUMglihorliood of 
critical ratio, complex intermediate forms of emulsion may l><‘ (micouii- 
tered, such as emulsions of oil in water emulsified iii oil, thus 

((oil) water) oil 

It is, in fact, highly probable that the majority of (^imilsions of \\at(‘r 
in oil are really of this more complex type. 

The character of an emulsion obtained by shaking tog(‘tli(*r oli\(* 
oil and alkaline water may very readily be ascca-tanuMl without iniero- 
scopical examination by the simple devuv of si)rinkling upon t lu^ sui fsu'e 
of the emulsion a little finely pow'dert'd Sudan IQ or Scarlet R. 
dyes are soluble in oil but insoluble in \vat(M- Ih^iicc' if the\ are 
sprinkled upon the surface of an emulsion of oil iii wat<*r, llu' <l\(‘ 
simply dissolves ill and stains the drops of oil w ith wlu<*h it eom<‘s into 
actual contact, leaving the remainder of tlu‘ (‘imilsioii uiistaiiUMl If, 
however, the emulsion is one in which water is tiu' int<M*nal phas<‘ an<l 
oil the external, tlie dye dissolves m the interstitial oil and spn^ads o\ <‘i 
the surface of the emulsion. 

The following are illustrative results obtained by shaking togc^tlu^r 
olive oil and wrater at an approximately uniform rate of shaking, and 
in the presence of a fixed proportion of alkali: 


Oil 

cc 

Components oi emulsion 

Water 6N NaOil 

cc. cc. 

CUmnu'tc'i ol the fMinilHion ol>hiinc<i 

99 

. 

1 

(Water) oil; Huid, y<*llow. 

98 

1 

1 

(Water) oil, fluid, vidlow 

96 

3 

1 

(Watei) oil, fluitl, yellow 

92 

7 

1 

(WaLei) oil, fluid, ereamy. 

91 

8 

1 

(Water) oil; fluid, <*n*aniy. 

90 

9 

1 

Water (oil); while, very vihcouh 
Wfttor (oil); white, very vIhcohh 

89 

10 

1 
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The critical ratio was in this instance: 


water _ 9 5 

oil 90 . 5 


0 105 


The value of the critical ratio varies with difFerent samples of oil, 
because of their varying fatty-acid content. It also varies with the 
proportion of alkali employed, since if the quantity of soap be insuffi- 
cient to surround all the droplets with a layer of molecular thickness 
the stable emulsification of the whole of a large excess of oil becomes an 
impossibility and the critical ratio is increased. 

It will be observed that upon passing the critical ratio the char- 
acteristics of the emulsion change very markedly. Instead of the 
yellow, fluid emulsions obtained while water is the internal phase, 
creamy and more viscous emulsions result when water is the external 
phase. In the neighborhood of the critical ratio the viscosity of the 
water (oil) emulsions is very greatly enhanced, and emulsions of an 
almost butter-like consistency may be obtained. This probably arises 
from the fact that when the water in the emulsion is just, and only just, 
sufficient to surround all of the oil-droplets, any deformation whatever 
of the tightly-packed oil-droplets must increase the size of the interstices 
between them; but this can only be accomplished by a complete disrup- 
tion and inversion of the emulsion, since the water is already stretched 
to the utmost limit of its covering-power. The viscosity, or resist- 
ance to deformation of these emulsions, therefore, represents the force 
required to invert their structure. 

Not only the lipoid constituents of cells, but also the Proteins tend 
to form films at the surfaces of suspended droplets, and thus facilitate 
the formation of emulsions If Chloroform be shaken up with jnire 
distilled water no emulsion arises, the tw'o liquids separating coni- 
])le'tel\ after a \ei\\ brief mter\al If, how'e\er, a protein be added to 
tlie water, the chloroform, insteatl of separating out in the form of a 
continuous la>ei, separates out in small discrete droplets which, if 
numerous, form a milky layer at the bottom of the \essel; b\ trans- 
mitted light, however, thev appear jierfectlv transj)arent. These 
drojilets are extiaordinarily stable and do not coalesce, however long 
they ina.v stand in contact with one another. They mav be repeatedlv 
washed in water until all traces of protein have disajipeared from the 
wash-fluid, and they still remain perfectly stable and distinct from one 
another They may be shaken up in chloroform itself or treated 
with dilute sodium hydroxide solution without impairing their form or 
stability If, however, they be heated to nearly the boiling-]3oint of 
chloroform under a layer of water the droplets burst and coalesce, 
forming a homogeneous layer of chloroform. If treated with alcohol 
they immediately dissolve, leaving a fine membranous precipitate of 
protein floating in the water. Thus if we shake up chloroform with 
about twice its volume of a 1 per cent solution of Protamine Sulphate 
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or a 1 per cent solution of Gelatin, and, after allowing t.he droplets 
to settle, pour off the supernatant fliml and rcpeato<lly wash tins <lrop- 
lets with water, then if we suspend these droplets in a small amount of 
water and add to the water an equal volume of Alcohol and gtiiitly 
shake the test-tube, the droplets whicdi are thus stirred up into the 
alcohol-water layer can be seen to swell up rapidly and burst, an<l the 
fine membranes which surrounded them can tluMi be seen falling <lown 
through tilie alcohol-water. If we now add several volunu\s of alcohol 
and shake up the liquid, tlie chloroform dropl<4s all <lisapp<‘ar atul 
what we now have is a clear, homogeneous sohition, in which innumer- 
able minute membranes can be clearly set'u floating. 

The phenomena of Relative Semipermeability may also Ik* illustrat<*d 
by these droplets. Substances which are soluble in watc^r and also in 
chloroform penetrate the membranes, an<l if, like Alcohol, Ether or 
Ethyl Acetate, they chance to be more soluble in (dilorofonn than in 
water, the chloroform in the droplets may take up so nni(‘b of the sub- 
stance that they swell to the extent of rupturing their <*nv(*l<)ping 
membranes. If, however, the substances in which tlu* <Iropl(*ts an; 
immersed are sufficiently insoluble in water th(*y fail to p(*n(*fratc» tlu* 
membranes and then the droplets may be ‘‘ idasinolyzcd,” that is, 
the chloroform maybe extracted from them, leaving the cnv(*lopiiig 
membranes shrunken and empty. This oc<*urs wlu*n tlui dropl(*ts arc 
suspended in Toluene, Xylene or Carbon Bisulphide. 

Fat emulsions which contain protein tend to form films at surfac<*s 
with which they come in contact, consisting of a inon* <‘onc(*n1rat(*d 
emulsion, both in respect to fat and in respe(*t to i)rotein, than fliat 
which constitutes tlie body of the liquid. Thin is very w(*ll illustra((*<l 
by the film which forms on the surface of Milk when it is lu*al(*<L Tin* 
heating of the milk renders the Calcium Caseinate which it <*on1ams 
somewhat less soluble, and the concentrat<‘d lay(*r of calcmni <*asciiiat(* 
and fat particles which forms at the surface* bcc()ni(*s, at t<*mp(*ratnics 
above 45®, sufficiently viscous to assume the* consist<*ncy of a s<*misoIi<l 
film, which, owing to its high viscosity, <loes not n*a<hly pass hack into 
solution upon cooling. A pure solution of calcium cuscinati* b(*com<*s 
markedly opalescent on heating to 'If)® but docs not form a snflicicntly 
viscous film at its surface to he mechanically separable* from the 
underlying liquid. 

A living cell consists essentially of a more eir less finely e*inulsifie<l 
suspension of fat-like substances in a se*mig(*latine)us se)hitie)n e)f pro- 
tein. The film which forms at the surface e>f warm milk may bo 
regarded as an extreme illustration of the type of surfae*e*-layer which 
we may tlierefore expect to exist at the i)erii)liery of living cells, namely, 
an emulsion of fat and protein, more concentrat(*d and, therefore, 
more viscous tlian the emulsion which constitutes the underlying 
protoplasm 

The emulsion-structure of the superficial layer in cells enables us to 
account for a very widespread property of living cells which would 
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otherwise be almost inexplicable, namely, the property of One-sided 
Permeability. This phenomenon is very well illustrated by the follow- 
ing experiment of Overton’s: If tadpoles are immersed in a 5 or 6 
per cent solution of cane-sugar or a 0.6 per cent solution of sodium 
chloride they are unaffected either in size or in any other notable 
respect. If, however, they are immersed in solutions which are 
hypertonic to these, for example in 8 per cent cane-sugar or 0.8 per 
cent sodium chloride, they lose a quantity of water and in twenty- 
four hours they are found to have shrimk decidedly in volume. Evi- 
dently, then, the sugar or salt cannot enter the limiting membranes of 
the cells of the skin while water can pass through them freely in the 
direction — tissues external medium. One might imagine, therefore, 
that the epithelium of a tadpole resembles an ordinary semipermeable 
membrane, permitting the passage of water but not of dissolved 
substances. If this were really the case, then on immersing the tad- 
poles in solutions which are hypotonic to 0.6 sodium chloride we should 
expect them to take up water and to increase in volume just as much as 
they decrease in volume in hypertonic solutions. This does not occur, 
however, and tadpoles immersed in hypotonic solutions do not take up 
water to any greater extent than from isotonic solutions. We can only 
infer, therefore, that the superficial epithelium of the tadpole permits 
tlie passage of water from within outward, but not in the reverse 
direction; that this membrane is permeable to water in the direction — 
tissues external medium, but not in the direction — external medium 
— > tissues. 

The property of one-sided permeability is displayed by many living 
membranes, but not by all. A very striking contrast is shown in this 
respect by the Pavement Epithelium which lines tlie peritoneal ca\ ity, 
on the one hand, and the Columnar Epithelium which lines tlie limien of 
the small intestine, on the other. Thus, Heidenhain introduced 50 cc 
of a o per cent solution of Glucose into the peritoneal cavity of a 
dog, and at tlie same time 44 cc of the same solution into an isolated 
loo}> of the intestine. After ninety minutes the quantity and composi- 
tion of the residual fluid in tlie peritoneal cavity were as folloA\s: 

Quantity of fluid. Glucose, Sodium chloride, 

19 5 cc. 10 per cent. 0 55 pei cent 

while in twenty-five minutes the composition of the residual fluid in 
the loop of intestine was as follows: 


Quantity of fluid. Glucose, Sodium chloride, 

19 0 cc. 3 8 per cent. 0.04 pei cent. 

From the peritoneal cavity both water and glucose had issued into 
the tissue-fluids, the glucose even more rapidly than the water, while 
sodium chloride, which was absent from the fluid originally introduced, 
had diffused from the tissues into the peritoneal cavity. The peri- 
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toneal epitholiuin, theivforo, bcluived like a iiUMiihrano of parclniHMit, 
permitting tlie passage of dissolved sul)staiiees in <ather dir<‘<*1ion in 
proportion to their relative eoueentralions on the two side's of the 
membrane. 

From the intestinal loop, both water and ghi<*ose hael issiu'd into the 
tissue-fluids, water somewhat more rapidly than gliu*ose. But prac- 
tically no soelium chloride had flifiiised into the intestinal fluid from the 
tissue-fluids. Evideiitly the intestinal epithelium permits the passage' 
of certain disseflved substances into the tissue-fluiels be'Iiinel it, l)ut ne>t 
tlie migration of dissolved substances in the reverse elire<*tie)n. 

The maintenanee of one-sieled permeability in tissue's is elepe'nele'iil 
upon tlie maintenance of the unimpaireel striudure e)r the cells Thus 
in the Kidneys the ble)od jflasma is elepriveel of i)re)tein by filtratie>n 
through Bowman’s capsule anel thereafter the deproteini!z;('d plasma, 
passing down tlie tubules, is concentrated by the absorption of wati'r 
to form Urine. Not only is water reabsorbed, however, but <*('rtain 
dissolved substances, such as glucose, are returned to the blood so long 
as their concentration in the blood supplying the tul)ules lu's Ix'low a 
certain threshold value, namely, in the case of gliu'ose, about O.I per- 
cent. Such substances are termed Threshold Substances, wink' otlu'rs, 
such as Urea, which are not requisite for the performance' of tlu' func- 
tions of the circulating nutrient medium, the blood, ai-e not l•('absoI*b('d 
at all, and are therefore wholly ejecte<l in the ui-ine. Sodium and 
potassium salts are differentially reabsorbed, so that tlu' i-atio of 
potassium to sodium in tlie urine is considerably m ('\et'ss of thc' ratio 
of these bases in blood plasma. The net result of these proe('ss('s is 
the concentration of urea in the urine to some sixty turn's its eoiu'en- 
tratioii in deproteinized blood plasma, while otlu'r eonstitiK'iits are 
concentrated in varying proportions and glucose is normally not 
excreted at all. If, however, the epithelium of the r<*nal tnbiih's is 
injured by perfusion with solutions of eertain substanc<'s, foi <'\ampl<'. 
Sodium Fluoride, it loses its power of performing osmotic work an<l 
comes to resemble much more closely a membraiK' of parchnu'iit 
This is very clearly illustrated by thc following expc'rimeiit b\ Bottazzi 
One kidney in a dog was injured by perfusion with sodium fluorid<* 
solution. The ureters of the two kidneys were tlu'ii s('j)arat<'l.\ 
catheterized and the freezing-points of the samples of urnu' <*oll<'ctc<l 


from tlie two kidneys were determined from time to tmu' 

Tli(> lollow- 

ing were illustrative results. 








llppirtiHioii ol 


Time 

Urmo OP 

liooziiiK-point 

ol bhxiil 

Nurnial 

Injured 

Noi mul 

Jiijuied 

2 30 to 3 00 
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12 
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0 204 
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14 0 

22 
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5 30 to 6 00 

10 0 

22 

0.570 
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9 
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It is evident that tlie phenomenon of one-sided permeability must be 
dependent upon a heterogeneous structure of the membrane which 
displays it. The phenomenon is not, and could not be displayed by 
structureless membranes, or by membranes having a uniform structure 
in the direction of penetration, i. e., perpendicularly to their surface. 
For instance, consider a membrane formed of successive colimms, of 
two different materials, one of which permits the passage of substances 
soluble in water while the other does not. Then if the arrangement 
of these two components were that displayed in Fig. 18, substances 
soluble in water could penetrate the unshaded channels just as easily 
from below as from above the membrane. But if the membrane were 
curved, so as to bring the columns of impenetrable material closer 
together on the under than on the upper surface, or if they were 
pyramidal in shape so as to achieve the same end, so that the arrange- 
ment would be that displayed in Fig. 19, then it is evident that the 
penetrable area on the under surface of the membrane would be a 
much smaller proportion of the whole area than on the upper surface 

timn 

Fig. 18 Fio 19 

Figs IS and 19 — These figures illustrate the effect of curvature of the suz face of a 
radially dispersed emulsion in pioduoing funnel-shaped interr^titial poie^ Iietween the 
ladiatmg columns of lipoid globules In Fig 18, both surfaces of the eoitical Liyei 
lieing plane, tlie diameter of the mteihtitial oiihces aie the same at the oxtoiioi and 
iiitoiioi hUi faces In Fig 19, the cortical layer being cur\ed, the iiiteistitial oiifices 
aie naiiowei upon tlie iiiulei than upon the upper suiface 


ol* the inomlinine, so that substances penetrating from al)o\e woultl 
tlo so with <*oinjmrati\ e ease, while substances issuing from liehnv the 
menihraiie would do so with difficulty. 

Xow' the lipoid (‘oiistituents of the ctdl may be assumed to be gener- 
ally unpenetrable b\ sulistauces wdiich are insoluble in fats and oils, 
so that these must seek entry to the cell through the interstitial spaces 
hetw’eeii the liponl constituents of the superficial membrane of the cell. 
If, therefore, these interstitial spaces filled with a solution or gel of 
protein w^ere so constructed as to be narrow^er at one end than at the 
other, the siipeificial membrane of the cell would evidently be more 
rca<lily permeable in one direction than in the oi>posite. 

The most usual spatial arrangement of the various structures or 
constituents of a cell is that of Radial Symmetry. The primitive 
arrangement of strictly radial symmetry so frequently displayed in 
spherical cells becomes modified or distorted in those cells, such as tlie 
majority of epithelial cells, which, through mutual compression or for 
other reasons, have assumed a columnar, stratified or flattened outline. 
In such cases the radial arrangement of structures may be confined to 
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the sides or margins of the cell, and differ in <*haracter in the i)r<>topIasin 
underlying the various facets of the cell. 

A radial arrangement of the ultramicroscopic fat-graiuilos of the cell 
would obviously lead to the formation upon the surface^ and in the 
subjacent protoplasm of minute Fmmel-J^aped Fores, of wliicli the 
interstitial openings would be permeable to substances soluble in water, 
while the walls, being composed of fat-granules, would be iinperincabk' 
or with difficulty permeable by such substances. The interstitial 
openings at the margin distal from the center, from which the fat- 
granules radiate, would be relatively large, while at points lying nearer 
to the center of radiation, that is, in general, dee})er witliin the cell, 
the diameter of the pores would be very considerably contracted. 

Substances which are soluble in water might evidently penetrate 
such a cell with relative ease, since a relatively large proportion of the 
exterior cell-surface would consist of the water-soluble phase of tlui 
emulsion, but they would issue from the interior of the (‘ell with relative 
difficulty, since a relatively large proportion of the area which they 
would have to traverse to find an outlet would consist of the lipoidal 
phase. If the modifications of radial symmetry which are so charac- 
teristic of Epithelial Cells should result in the confinement of this struc- 
ture to one surface or facet of the cell, it is obviously possible^ that 
one-sided permeability of a tissue composed of such cells might be the 
consequence. This may be seen by reference to the diagram in h'ig I i), 

It should be borne in mind that tlie cxisteiK*e of funnel-shaped i)()r(‘s 
in the surface of a cell or in a membrane would only gi\e rise to on(‘- 
sided permeability provided the diameter of tlic jiore at the constrict(‘d 
end were comparable with the mean free path of the penetrating inol(‘- 
cules. Were the least diameter of tlic pores Ir/in than thc^ ni<‘an free 
path of the penetrating molecule, then tlie membrane would bc' a st rict ly 
semipermeable membrane for tliis type of molecule. W(‘r(‘ the h^ast 
diameter of the pores, on the contrary, very large in comparison with 
the mean free path of the molecule concerned, then the nieinbraiu' 
would be freely permeable by this molecule in either direction Thus 
it is readily conceivable that membranes of this tyi)(‘ might exliibit 
One-sided Permeability for certain substances dissolved in whaler. 
Absolute Permeability for others and Semipermeability for yet otluT 
molecules. 

On the other hand, if the above sketch represents truly the structure' 
of the superficial layer of cells, substances which arc soluble in fats 
would enter the cell through the radiating columns of lipoidal material. 
Now the phenomenon of one-sided permeability lias not as yet be<*n 
()bserved to be displayed toward substances which are soluble in 
lipoids. Indeed, in general, the penetrability of cells by substances 
which are soluble in lipoids is very mucdi greater tlian their penetra- 
bility by other substances, no matter how soluble they may be in water. 
This fact is very strikingly illustrated by the experiments of Overton 
and Meyer, who measiured the minimal concentrations of various 
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Narcotics dissolved in water which would induce narcosis in tadpoles, 
the narcosis being evidenced by cessation of movement. The same 
narcotics were dissolved in water and the water shaken up in Olive 
Oil and the relative solubilities of the narcotics in water and in oil 
estimated by the distribution of the narcotic between the two solvents. 
The following were illustrative results obtained with various Alcohols : 


Narcotic 

Methyl alcohol . 

Ethyl alcohol 
Propyl alcohol 
Butyl alcohol 

Capryhc alcohol . 


Critical narcotizing 
concentration m gram- 
moleculee per liter 


Solubility in water 
Solubility in oil 


. 0.52-0.62 

0 27-0 31 
0 11 
. 0 038 

. 0 0004 


Solubility m water = oc 


30 

8 

Soluble in 12 parts of 
water, 

Soluble m 2000 parts of 
water. 


soluble in 50 
parts of oil 
1 
1 

solubility in 
oil = oc 
solubility in 
oil *= oc 


The following results were obtained with other narcotics: 


Solubility in oil 


Narcotic 

Critical concentration 

Solubility in water 

'At 8® 

AtSO® ' 

At 3® 

At 30®' 

Salicylamide 

« Vuoo 

V «00 

22 232 

14 002 

Benzamide 

Vboo 

V200 

0 672 

0 437 

Monacetm 

V»o 

V70 

0 099 

0 060 

Ethyl alcohol 

V 3 

Vr 

0 020 

0 047 

Chloral hydrate 

Vso 

Vmo 

0 053 

0 230 

Acetone . 

Vs 

♦ 

Vt 

0 146 

0 235 


Hence if tadpoles anesthetized at 30° by a sohithm of Chloral 
Hydrate be cooled tliey recover their mobility, on warming they are 
again anesthetized, and at 30° tlie solubility of chloral livdrate in olive 
oil is mucli greater than it is at lower temperatures. 

While the inference drawn l>y Overton and Meyer from these experi- 
ments, that only those substances which are soluble in Lipoids can 
penetrate tlie cell, obviously cannot be substantiated, for otherwise 
neither water, inorganic salts nor amino-aculs could ever gain entry into 
protoplasm, yet it is very manifest from tliese and many other experi- 
ments of a like nature that substances which are soluble in lipoids do 
enter living cells with exceptional ease. We may ])robal)ly infer wnth 
safety tliat tlie lipoidal elements in tlie superficial nieinbraiies of cells 
constitute a large proportion of the surface, and the interstices a rela- 
tively small proportion, so tliat substances which are insoluble in lipoids 
enter living cells with comparative difficulty. 

It is probably upon this that tlie selective permeability of cells for 
Carbon Dioxide depends. This is a property which is intimately related 
to many important vital phenomena. Thus it has been shown by 
Jacobs that living cells will absorb carbon dioxide, or H 2 CO 8 , from 
solutions which are actually alkaline in reaction and which are conse- 
quently rendered more alkaline while the cell-contents become more 
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acid in reaction. It is for tins r(‘as«ni, no <loiil)t, tlnit cnrhoii <lio\i(l<> is 
so exceptionally cffi<-icnl in stinuilatiiig the Respiratory Center, so that, ns 
Scott has shown, the alkalinity of the blood may aetiiall,\ be inereas(>d 
by tlie injection of carbonates without distiirbiii}? the respiratory 
rhythm, which is stimulated by COa. t'arbonic aei<l, and the various 
fatty acids, are much more soluble in lipoids than other acids, and 
HgCOg is much more soluble in lipoids than NalK’Os or Na.j( 
Loeb has shown that the fatty acitls and carbonic acid arc incompar- 
ably more efficient tlian any other acids in causing the fonnation of a 
Fertilization-membrane in sea-urchin ova (sec Chapter XIX). Simi- 
larly the fatty acids, despite their low dc'grce of ionization, tast<' acid 
at lower concentrations than the strong mineral aehls, be<-aiis<' tb<>y 
penetrate tlie sensory cells in the tsiste biwls more readily. 

Any reagent or condition which affec-ts the State of Aggregation 
of the fat-globules in the limiting inembrane of cells must lU'cessarily 
affect the diameter of tlie interstices between them. In geiu'ral tliosi* 
conditions involving the formation of large aggrt'gates would in«‘r(*as(‘ 



Fio 20. — Illusiiutinft tho iiicicaso in the (h.iinelei of llu* inleiblili.il whn li lo'.ulls 

from inoiease lu the dininetei of tlie iat-<hople(H m :iii emulsion 


the permeability of tissue by enlarging the diaineler of the radial mg 
fat-droplets and, therefore, that of the interstitial spaces (h’ig 20) 
This is very strikingly illustrateil by the eggs of e(M-tain laariiu' forms 
such as the sea-urchin which, when exposed to the a<'1ion <»r fal-sob 
become permeable to water which they take iij) from the surromulmg 
sea-water. The water thus absorbed aecuiniilales in a la.\ er jast uiwh'r 
the superficial membrane of the cell, lifting it off the un<l('rl.\mg pro- 
toplasm and forming tlie “Fertilization Membrane’’ which is normally 
the effect of a cytolytic agent carried into the egg-et>ll b.^ the b(*a<l 
of the spermatozoon. The permeability of tlie surface of the cell is 
also increased for inorganic salts, for Mc( 'leiidoii has shown that the 
Electrical Conductivity of a suspension of searurchin eggs is incri'astsl 
by fertilization while Osterhout has shown tliat an increase in the 
electrical conductivity of living tissues is indicative of increased ]K>r- 
meability of the surface of the cell for inorganic salts. 

Since the lipoidal droplets in cells are suspended in a gelatinous or 
semiliquid solution of Protein we may also assume tliut any condition 
tending to alter the consistency of the interstitial protein solution would 
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deform the structure of tlie emulsion. Coagulating Agents especially 
might be expected to reduce the interstitial gel to discrete granules or 
separate flocculi, thus removing the obstacle to coalescence of the fat 
globules and the consequent coarsening of structure and widening of 
interstices. Corresponding to this conception we find that simple 
heating of a piece of frog’s skin renders it freely permeable to water 
in either direction instead of only in one. The effect of coagulating 
agents upon permeability may also be strikingly illustrated in tlie 
following way: If paramcecia be washed free from culture medium 
with pure distilled water and suspended in a solution of Methyl Green 
(free from methyl violet), the protoplasm of the infusorians takes on a 
faint greenish tinge, but the large pseudo-nucleus remains white and 
unstained. After removing the excess of methyl green by washing the 
organisms in distilled water, a little Cupric Chloride may now be added 
to the water. Immediately the nucleus becomes stained a deep green, 
indicating that the impenetrability of the nuclear membrane for the 
dye prevents it from being stained in the normal cell, but after tlie 
action of this protein coagulant, which kills the organisms, the permea- 
bility of the nuclear membrane is so enhanced that the dye can readily 
enter and even attain a greater concentration therein than it docs in 
the cytoplasm. 


THE VISCOSITY OP PROTOPLASM. 

The major part of the high degree of Viscosity which protoplasm 
displays is attributable to the Protein which it contains. The vis<*osity 
of a protein solution increases very rapidly indeed with its coiu'cntra- 
tion, so rapidly, in fact, that earlier obser\ers were inclined to the 
lielief that the viscosity changed siuldenly at definite c*ritical con- 
centrations instead of changing evenly and with regularity as it does 
in solutions of cr\ stalloids Later obser\ations have sliow^ii us, how- 
ex t^r, that the xiscosit^x of protein solutions increases with the (*oncen- 

V 

tration in accordance with the usual formula = A*', wdiere rj is the 

‘»7n 

viscosity of tlie solution, rju that of the solvent, n the concentration of 
the solution and A a constant, tlie numerical xaliic of whidi dcpeinls 
upon the nature of the chssoKed suhstan(‘e and upon the teniiierature. 
The follow iiig are results obtained b.x Sackur, enii)lo;v ing Sodium 
Caseinate : 


11 (.ui equivalonts 

// 

c ) 

loKio \ 

uf sodium) 

'/□ 

0 01830 

1 870 

14 8 

0 01370 

1 581 

14 5 

0 0091.5 

1 3G.i 

14 3 

0 00547 

1 202 

14 0 

0 00458 

1 1G5 

14 5 


A remarkable feature of these results is the extraordinarily high 
value of A, involving a very rapid increase of viscosity wdth increasing 
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concentration. For the majority of crystalloids the value of A is not 
greatly in excess of unity, while for s(Kliuin <*uscinafc it is of the owler 
of 10*'*. This fact ah)n<i would lead us to suspect that the inechanisiu 
■which produces the viscosity of these solutions is diirercnt in nature 
from that which produces the viscosity of solutions t)f crystallouls. 
The viscosity of a protein solution is also very greatly iiuTcased by 
TfwitiULtiiYn, the viscosity of protein solutions being at a ininiimim when 
ionic protein is absent, i. e., when the protein is uncomhined with a<*i<ls 
or bases. 

Indeed a very little considera'tion suffices to show that the viscosity 
of a protein solution is of a very different type from the visco.sity, for 
example, of solutions of Sugar or Glycerol in water. Ai)art from the 
extraordinary ma^itude of A, tlie tyjje of vis<‘osity exhihito<l by 
soludons of proteins differs from tlie viscosity of a glycerol-water 
mixture in that it affords no hindrance, or very slight hindraiu**', 
to ■the motion of ions and of crystalloidal molecules. The velocities 
■wi-th which various crystalloids diffuse tlirough Gelatin jelli(‘s are 
remarkably close to the diffusion-velocities of the same suhstanc<“s in 
distilled water. The jelly causes a very slight retardation of dilfusion, 
but the hindrance to molecular movement is disproijortionately small 
in comparison wi'th the enormous viscosity of the jellies. Thus it has 
been shown by Adair that Fick’s law, which ajiplies to the diffusion of 
dissolved substances into water, also applies to their diffusion into 
gelatin jellies, the diffusion-coefficient of sodium chloride in ttmth- 
molecular concentration being only from 1 to ,'5 jicr cent l<‘ss when <lif- 
fusion is taking place into a jelly wntaining 5 per cent of gelatin than 
when diffusion is taking plac*e into water. The reduction for a niolei-- 
ular concentration of sodium chloride, diffusing into tlu^ same j('ll,> , 
is only slightly greater, namely, from 8 to 10 per cent. 

It has been shown repeate<lly that the specific mobililic's of th(>' 
majority of inorganic ions are the siune in gelatin or agar jc'llies as tlu'.^' 
are in distilled water. In fact, if allowance be made for the <liminution 
of the cross-section of tlie conducting field which is occasioned hy tlie 
presence of gela'tin molecules we find that tlu* electrical conductivities 
of inorganic salt solutions in gelatin jellii's are only very slightly le.ss 
than those of equally concentrated solutions in jiure water, itn}>lying 
that the ions of ■tiie electrolyte move as freely in tlie intersti<*es b<‘tweeu 
the protein molecules as they would move in distilled water. This is 
true even when the ions are protein ions, for the dependence of the 
Electrical Conductivity of protein solutions upon their dilution is of a 
perfectly normal character, resembling the dependence of the comlue- 
tivity of a solution of a crystalloid upon dilution, although, in tlie range 
of concentrations employed, the viscosi'ty of the pro'tcin solution 
increases ■with its concentration very greatly, while that of a salt 
solution, for example, increases almost imperceptibly. 

On the other hand the intima'te dependence of the conductivities 
of solutions of electrolytes upon ■the ordinary ■type of viscosity has 
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been comnaented upon and quantitatively estimated by a host of 
observers. Viscosities, very much less than those of the most dilute 
Jellies, if caused by such substances as sugar or glycerol, profoundly 
diminish the conductive power of electrolytes. Not only inorganic but 
also protein ions are very greatly hindered in their mobilities by the 
type of viscousness which alcohol-water or glycerol-water mixtures 
exhibit. In fact, whereas doubling the viscosity of a solution of 
Sodium Caseinate by the addition of protein does not measurably affect 
its conductivity, doubling its viscosity by the addition of forty per cent 
of alcohol reduces the mobility of the caseinate ions to one-half, and the 
conductivity of the solution to a still smaller proportion. In estimating 
the influence of viscosity upon the mobilities of protein ions we can 
entirely disregard that portion of the viscosity of the solution which, 
although comparable in magnitude with the viscosity of the solvent, 
is attributable to the protein itself. 

There are thus two kinds of viscosity which may be displayed by 
solutions, the one which impedes the motion of molecules or ions, and 
the other which does not hinder the motion of such small particles, 
although it does very greatly impede the passage of the fluid through 
a narrow tube or the rate of oscillation of a rotating disc suspended 
within the fluid. The former type of viscosity is displayed by solutions 
of inorganic substances and the simpler organic substances, the latter 
type of viscosity by solutions of the proteins. 

The customary methods of measuring viscosity, such as the measure- 
ment of the time taken by a given volume of fluid to pass, under the 
force of gravity, through a specified length of a narrow tube, all involve 
deformation of the fluid, whereas the estimation of viscosity which 
depends upon the diffusion of molecules or ions though it does not 
require any displacement of the particles of the solvent in which the 
diffusion is occurring Deformation is especially resisted by protein 
solutions, hut internal inolecailar motions are not impeded This fact 
strongly suggests the e\istence of a Structure within solutions of the 
jiroteins. It aiipears \ery ])rohal)le that the molecules of i)rotcin in 
solution are loosely connected A\ith one another so as to form a inesh- 
work or three-dimensional net thioughout the hod;v of the solution. 
Such a net, which, in two-dimensional section, \ve may j)icture as soine- 
tliing analogous to a tennis-net with microscopic* or ultramicroscopic 
meshes, w ould offer no hindrance to the passage through it of a quickly- 
moving body which is much smaller than its meshes, but to any force 
involving deformation of its striu*ture, for instance to a force tending 
to drag it through a small tube, it would olfer a very considerable 
resistance. In measuring the resistance W'hich a protein solution 
offers to passage through a capillary tube, w'e are not measuring true 
viscosity, or internal friction betw'ceii adjacent molecules, therefore, 
but the resistance of tlie structure of tlie solution to deformation. 

A common method of measuring the viscosity of fluid consists in 
suspending a disc within the fluid and causing it to oscillate, the 
decrease of the rate of oscillation being a measure of the viscosity. 
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When this methcxl is applied to pnrtcin solutions, however, it is 
found that the decrease in tiie rate of oscillation of the disc is abnonnaily 
rapid, but if the liquid be slightly shaken or the disc taken out and 
replaced, the decrease in the rate of os<*illation becomes normal again 
for a brief period. Evidently the protein network adheres to the disc, 
so that, in the course of time, the motion of the <lise is not merely 
opposed by the friction of imme<liately luljacent molecules, but by the 
inertia of all the protein molecules in the fluid which are attaclusl 
indirectly, through a continuous meshwork, to the os<-ilIating disc. 

JELUES AND OELATINIZATION. 

The structure wbich confers upon protx'in solutions their pca-uliar 
type of Viscosity leads in many <•as<^s, when the solutions are sufficiently 
concentrated, to their acquiring ct*rtain of the properti<‘s of solids. 
Such solutions are what we term Jellies, an<l they restnnble solids in 
presenting pronounced resistance to deformation w'bi<-h, howevt'r, 
yields to the slightest force if its actitm be sufficiently pn>long<*d. 
Where forces of an instantaneous chanict<‘r are <*oncern<‘d, llu‘r<‘fore, 
the jellies are solids, but where forces of prolonged a(‘tion art* conccriu'tl 
they are fluids. The distinction between a solul and a jelly is, in fact, 
largely a matter of degree. A jelly will flow under a sufficit*ntly great 
pressure applied for a relatively brief period of time, but a sharp impa<‘t 
affects it as it affects an elastic solid, causing oscillation and rt'coil, 
but not deformation. Intermediate* states of matter art* jifl'or<it*(l by 
such materials as Sealing-wax, which, even at ordinary tcinjicraturt's, 
will flow tmder slight pressure applit*tl ftir very pn)longt*tl periods, 
but which under even considerable forces acting sufficit'iitl.N’ su«l<lt>nly 
exhibits all the brittleness of a stilid. 

Under certain condition.s, w’hen the meshes are sufficiently coarse, 
various jellies or “gels” clearly display a nctwtirk or spongy struct art*. 
If an insoluble gel, such as White of Egg t-oagulatcd by fixatives, (he gel 
of Collodion producetl by the action t)f cbltiroform upon an e(lit*r solu- 
tion, common black Jhdia-ruhber, tir the hytlrogcl of Silica be examint'tl 
under a high magnificatitin they can all be seen tt) possess a fint* spongt*- 
like structure. When, for example, a tbirtt*t*n per cent stilutitni of 
egg-white is fixed with sublimate, sections are found to show a sjxaige- 
stxucture, or, what corresponds to a sponge in two dinu*nsions, a net- 
work-structure. W. B. Hardy, who has especially investigat(*d this 
gel, failed to obtain with acid or basic dyes any staining of the substaiu'c 
within the meshes of the net, and pressure applied to the gel resulted 
in the squeezing of fluid out of its interstices. The structure* of the gel 
is, therefore, that of an open sponge-work of solkl, containing fluid 
within its meshes. Direct experimentation with Agar jellies lias shown 
that in a gel containing one per cent of agar, the solid framework is a 
solution of water in agar, while the fluid in the interstices is a dilute 
solution of agar in water. Upon heating the solution the two compo- 
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nents become miscible in each other and we obtain what appears to be a 
homogeneous solution. Upon the basis of these facts Hardy draws a far- 
reaching analogy between the jellies which liquefy when heated, and 
gel when cooled, and the system Phenol-water, which, if it contains 
more than 71 per cent or less than 76 per cent of phenol, separates, at 
temperatures below 80° C-, into two phases, the one a solution of phenol 
in water, the other a solution of water in phenol. According to the 
view developed by Hardy the two cases differ only in the fact that 
upon separation of the two phases in the agar-water system the system 
retains a structure, while in the phenol-water system no structure is 
retained and the components separate into two clearly demarcated 
layers. Essentially, the difference between the two systems consists in 
this, that when the phenol-water system separates into two phases, the 
phases become separated by the minimal possible surface, namely, a 
plane; while when the agar-water system separates into two phases 
they remain in contact over an area far larger than the minimum. In 
the latter case it would seem that the surface-tension at the interface 
of the two phases is very low, so that the force leading to the diminution 
of surface is small. The resistance to the diminution of the interface 
is also very large because of the high viscosity of the gel. 

The manner in which the structure of a gel is built up can be readily 
observed in the ternary mixture, alcohol, gelatin and water. If 13.5 
grams of Gelatin are mixed with 50 cc of water and 50 cc of abso- 
lute alcohol, a mixture is formed which is optically homogeneous at 17° 
to 20° C., but which separates into two phases at temperatures below 
this. Hardy thus describes the sequence of events on cooling this 
mixture below the temperature of gelation: “As the temperature falls 
below the limit a clouding occurs which I find to be due to the appear- 
ance of fluid droplets which gradually increase in size until they 
measure 3 /z/z On c-ooling further, these fluid droplets become solid 
and the> begin to adhere to one another. The framework is, therefore, 
an open structure which holds the fluid phase in its interstices.” 
“When once foiined the phases have considerable stability. If the 
droplets are comjiosed of a solid solution one may, by the addition of 
^\ater, cause them to increase to relatively vast dimensions without 
their being destroyed, as they increase in size their refractive index 
approximates more and more to that of the external phase until they 
are finally' lost sight of. The addition of alcohol, however, once more 
brings them into view and causes them to shrink. Owing to this 
stability, once a configuration has been established, one has to far over- 
step the conditions of its formation in order to destroy it. This would 
account for the remarkable hysteresis observed in reversible gels. 

When water is added to a ternary mixture so as to considerably swell 
the droplets, the system is unstable, and the two phases mix at once 
when it is mechanically agitated.*^ 

In jellies of this type which are dilute with respect to the colloid 
constituent, therefore, the structure is that of an open spongework, 
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the meshes being filled with water or a water-rich solution of the 
substance forming the gel, while the framework of tljc sponge consists 
of anastomosing tlireads composed of linearly arranged globules of the 
watei^poor phase. In such gels, therefore, the surface of the water- 
rich phase is concave; in other words tlie water-poor phase is the 
Tiiteriia .1 Phase of the gel, and tlie water-rich material constitutes the 
External Phase of the gel. If, however, to a ternary niixturc of gelatin, 
alcohol and water which forms such a gel as that de8crihe<l above, more 
gelatin be added, the character of the gel changes entirely ami its 
structure becomes inverted. The water-poor phase becomes concave 
and the water-rich phase, instead of being, as fonnerly, <-(>iK‘ave, 
becomes convex to it. On cooling such a mixture to a temperature 
below that at which it forms an optically liomogcncous solution, 
droplets separate out whicli are poor in gelatin, while the intetrstitial 
portion of the system, which is rich in gelatin, soli<lifies. Thn.s the 
gel comes to possess a Honeycomb-structure, the droplets being poor in 
gelatin and ricli in water. This is very clearly shown by the following 
analyses made by Hardy: 

TEMPERATUliE OE THE MIXTUIUS, 15“ ('. (EQUAL PAItTH OF WATKK AND 

alcohol). 


Tor coni Per rent Rolatiii in Por rent ffrlatin in 

golutin m druplots (inturnal intonidoeH Cextrrnal 

mixture phase) phasr) 


67. , 17 0 20 

13 6 . . 18 0 r> r> 

36 5 . . , 8 5 ‘JO 0 


From these analyses it is also clear that the two phases in a pr()t<*in 
gel are not of constant composition, but may, uiuler dillVrc'nt conditions 
of total concentration, etc,, vary widely in their relative an<I absolute 
gelatin and water-content. This system differs, therefore, from tlie 
system phenol-water, not only in the extent of the siirfa<*e whieh 
separates the phases, but also in the variability of the eoinposition of 
its phases, in this respect resembling rather the system hydrated 
silica-water. 

The reason for this inversion of structure which occurs in concen- 
trated gelatin Jellies is the same as that whicli is the origin of the 
inversion of structure in olive-oil-water Emulsions when the proportion 
of oil to water is increased beyond a certain limit. The spreading- or 
covering-power of water is not unlimited and therefore the amount of 
oil or gelatin w^hich it can surround is correspondingly restricted. 

The question has been raised whether the jelly wliich is formed by 
gelatin dissolved in water (instead of alcohol-water mixtures) rcially 
possesses a structure analogous to tliat observed by Hardy in ternary 
systems. It has been urged that this structure is an artefact arising out 
of partial Coagulatiozi of the protein, since it is not directly visible in 
binary systems. The action of coagulants, such as alcohol or sublimate, 
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upon jellies which already possess a structure of this type, however, is 
not to otherwise alter, but merely to coarsen their structure. This is 
due to loss of water on the part of the colloid-rich droplets with a conse- 
quent diminution of the volume of the colloid-rich phase and an increase 
in the volume of the more fluid interstices. This can be shown, not 
only by direct observation, but also by the relative ease with which 
water can be expressed from the jelly before and after “fixation.” 
From Poiseuilles’s Law for the outflow of liquid from capillary tubes, it 
follows that the pressure required to express the fluid must vary approx- 
imately as the inverse fourth power of the diameter of the meshes, 
although, of course, the variable viscosity of the expressed fluid will be 
a factor introducing departures from this simple law. Now a hydrogel 
containing 13 per cent of Gelatin at a temperature of 15® C. will endure 
a pressure of 400 pounds to the square inch without expression of water; 
after fixation witJi formalin or corrosive sublimate, however, the fluid 
can be expressed from the gel like water from a sponge, with simple 
hand-pressure . 

Since more complete coagulation does not alter the type of structure 
possessed by jellies of partially coagulated protein, but merely coarsens 
it, it is a fair inference that jellies wdiich have undergone no measure 
of coagulation also possess the type of structure outlined by Hardy, 
but that owing to its fineness the details of this structure are not 
visible. 

According to Lloyd, the stability of the framework of a gelatin gel is 
maintained by the balance of two opposing forces, namely, the elastic 
tension of the semisolid framew’ork, tending to contract the jelly and 
reduce the volume of the interspaces, and, on the other hand, the 
osmotic pressure of the gelatin in the w-ater-rich liquid phase, tending 
to expand the interspaces by drawing more water into them If tliis 
latter factor be reduced in magnitude by employing gelatin absolutely 
free from combined acid or base, tlien no stable gel is procurable, but, 
on the contrary, the jellies progressively contract like a clot of fibrin, 
expressing the fluid phase from their interstices. 

The existence of a structure in jellies formed by the solution of gelatin 
in water may also be indicated by the observation of Liesegang 
that when silver nitrate diffuses into gelatin which is impregnated 
with potassium bichromate, the precipitation of the insoluble Silver 
Bichromate does not occur indifferently in all parts of tlie area of diffu- 
sion, but in concentric circles which are known as Liesegang Rings. 
These may also be very beautifully shown in a test-tube by impreg- 
nating gelatin wdth some salt, for example, sodium phosphate, which 
forms an insoluble precipitate with a salt, for example, calcium chloride, 
which is contained in a solution floated on the top of the jelly (Fig. 21). 
It has also been showm by Rohonyi that when thin films of gelatin are 
frozen the ice-crystals are formed in concentric rings, so that the phe- 
nomenon does not require a diffusion-gradient to make itself manifest. 
It is difficult to conceive any mechanism which would permit this in a 
22 
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perfectly homogeneous medixim. It has been suggested by Ostwald 
that the silver bichromate must attain a certain depce of super- 
saturation before it crystallizes out and that crystallization having 
started all the bichromate for an appreciable distance on either side of 



!Fig. 21. — Ulustrating Liesegang rings obtamod by allowing calcium chloiido or 
nitrate to diffuse into gelatin previously impregnated with trisodiuni phosphate. 1 to 3, 
normal stratifications with the concave side directed upward. 4, alinormaJ stratifica- 
tions with the convex side directed upward 6, abnormal stratifications which are par- 
tially duplicated 6, alternation of stratified and unstratifiod precipitate. Variotios 7 to 
11 were produced by slight variations in the procedure of preparing the gelatin. In 12 
the gdatm was hardened by allowmg a solution oontaining 1 per cent formaldehyde to 
diffuse mto it for five days, after which the formaldehyde solution was poured off and 
replaced by CaCh solution. (After Hatschek). 
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the point of precipitation diffuses in and is precipitated, forming a ring. 
The silver nitrate must now traverse this area of diminished silver 
nitrate concentration before the process can be repeated at a point 
farther on within the jelly. But, as Hatschek has pointed out, very 
slight variations in the method of gelation of the jelly wiU produce an 
extraordinary variety of different types of stratification (Fig. 21). 
Gelatin which has been treated with Fonualdehyde, which, of course, 
coarsens the structure of the gel, yields helicoidal stratifications instead 
of concentric rings. On the other hand, it has been pointed out by 
Bradford that stratification only occurs if the precipitated particles 
are sufficiently small. Thus the phenomenon appears to depend upon 
a particular relationship of the size of the precipitated particles to the 
dimensions of the structural elanents of the j^y. 

The experiments of Hardy diow that on adding water to the system 
alcohol-water-gelatin the gelatin-rich phase progressively imbibes 
water until it passes by a series of ins^sible transitions into a Solution 
of gelatin. We have seen that solutions of protein show evidence, in 
the peculiar type of resistance to deformation which they display, of 
possessing a structure which is most easily conceived as a spongework 
of protein molecules with intercommrmicating meshes filled with water. 
The Structure of the solution is therefore that of an attenuated jelly 
and there is no distinction of kind, but only of degree, between a 
protein solution and a protein jelly. As a matter of fact, if the Viscosity 
of a solution of gelatin sufficientiy concentrated to gelatinize at room 
temperature be measured at inteiv^als while it is cooling, no sharp 
change of viscosity is found to occur at gelation, the viscosity of the 
solution just prior to that point being so great as to afford clear indica- 
tion of the forthcoming semisolidification. 

The structure of protoplasm, therefore, consisting as it does of an 
emulsion of lipoids suspended in a solution or jelly of protein must be 
very complex. Essentially it is an emulsion enclosed within anotlaer 
emulsion and many diversities of structure and arrangement may 
c\ idently exist. One would anticipate that the architecture of such a 
complex system would be profoundly affected by any factors affecting 
the solubility of the proteins, and therefore their affinity for water. 
A relative alteration of volume of the water-poor and water-rich phases 
of tlie protein emulsion must necessarily disturb all the space-relations 
of the enclosed fat-emulsion, and these displacements acting at the 
Surface of the cell w^ould be equivalent to opening or shutting so many 
doors for the entry of water-soluble substances into the cell. The 
striking effects of various inorganic substances upon the Permeability 
of cells, upon which we shall dwell in the succeeding chapter, probably 
originate in changes of the affinity of the cell-proteins for water with 
consequent dilatation or contraction of the constituent phases of the 
protein jelly and enlargement or constriction of the interstitial spaces 
between the lipoidal elements of the superficies'of the cell. 
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THE OSMOTIC PRESSURE OF PROTEIN SOLUTIONS. 

It was formerly believed that jjroteins in solution e\erte<l, in <’oni!n()n 
with other colloids, cither no osmotic pressure at all, or a prc^ssure of 
immeasurably small extent. More recent investipitions have shown, 
however, that the differenee in this as in othcu- respects b(‘tw<Km the 
colloids and tlie “typical” crystalloids is nuTely a <iuantitative <lifVer« 
ence which is directly attributable to and <Ieducible from the r(‘Iatively 
enormous size of their molecules. Thus a oiu' ]>(‘r <*ent solution of 
Glucose contains gram-molecule of glucose p(M- litter and c'xerts 
an osmotic pressure of nearly one and a (piarter atmospher<‘s, but a 
one per cent solution of Hemoglobin, 'W'hi(*h has a mole<‘ular weight of 
sixteen thousand, only contains grani-mole<*ul(* of proti^in i>er 

liter and, therefore, may be expe<*ted only to exert an osnioti<* pressure 
of 0.014 of an atmosphere. 

The direct determination of the osmotic ])ressure of protean solutions 
is a task fraught with immense difficulties, arising out of tlu' difficulty 
of preparing ideally pure ])roteins. The investigations of CJrahain, 
the originator of the distinction between (*rystalloids and colloids, 
appeared to indicate that (‘olloids in gcMieral exert a high osmotic 
pressure. Subsequent investigators, however, attribut<‘d tlu'sc^ results 
to an admixture of crystalloids which, as th(‘ above nunu'rical compari- 
son shows, might be expected to exert a <fisproport innate <41e<*t upon 
tlie pressures exhibited. Starling endeavon^d to measun* (fir(‘ctly tlu' 
osmotic pressure of the proteins in l)lood-s(‘ruin by using for his Osmom- 
eter a membriine permeable to salts hut nni)CTm(‘ahl(' to protiMiis, and 
this method has, since then, been employed in all accurat<‘ work upon 
the subject, since, as Reid has ixanted out, it is i\w only im^thod of 
procedure which is apidicable to the problem Su<*h a imunbraiH' is 
to the colloids w'hat an ideally seiniperin<»al)l(‘ imMiihraiK' is to all 
dissolved substances, inclusive of the coIIokIs \V(* ha\<' no assurance^ 
that any given protein preparation is totally free* from impuriti(\s whi<*h 
may influence the direct measurement of osinoti<* pr(‘ssur<‘, it is, th<M(‘- 
fore, essential to employ a meml)rane which is pi'niK^ahh* to such im- 
purities and thus, if time be allowe<l for the s,\st<*ni to conn* to (‘(iiii- 
librium, differentiates between protein and non-prot<Mn const it lUMits 
of the solution under investigation. For this purpose'. Ih'id ('inploys 
a membrane of vegetable parchment, which, as he has shown, is jx'r- 
meablc even to nucleic acid, although it is iinpi'rmeabh' to tiu' prott'ins 
wdiich he employed in his investigations. By extn'imdy prolong<'d 
purification, Reid has succeeded in obtiiining preparations of Egg- 
albumin which exhibit no measurable osmotic pressure wlu'ii c'xamiiu'd 
by tins method. In subsequent investigations, how<'ver, lu' obtained 
osmotic pressures, due to dissolved Hemoglobin, of perf('<*tly <*<>iistant 
value and such as to indicate a molecular weight of about 4S, ()()(), 
Barcroft and Hill have, however, demonstrated by thennodynamical 
methods that in solutions containing hemoglobin prcparecl by less 
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prolonged dialysis the molecular weight of this substance is close to 
16,669, which is the figure calculated from the content of Iron, assuming 
each molecule of hemoglobin to contain only one atom of iron. Roaf, 
employing tlie differential osmotic method just described, finds that the 
molecular weight of hemoglobin, dissolved in distilled water, is about 
32,000, while in sodium carbonate solutions it is 16,000. These results 
appear to show that when protein is uncombined with acids or bases 
it is polymerized, and so exerts a considerably smaller pressure than 
protein salts. 

The extremely important discovery has been made by R. S. Lillie 
that the osmotic pressme which is exerted by proteins (determined 
differentially as described) varies very pronoimcedly with the nature 
of the inorganic acids, bases or salts whidi their solutions contain. The 
following are illustrative results, obtained when dilute acids or alkalies 
are employed as solvents: 

1.6 PER CENT GELATIN IN DILUTE HCl SOLUTIONS. 

Osmotic pressure of 
the protein in 
mm Hg 

8 2 
6 8 
12 3 
17 9 
20 6 
32 4 
34 9 
39 3 


8ol\ ent 
Writer 
"Vjioo HCU 

'"/770 “ 


1.5 PER CENT GELATIN IN DILUTE KOH SOLUTIONS. 


Solvent 


Osmotic picssure of 
the protein in 
rum Hg 


Watei 7 9 

“/iinoKOH 14 1 

"V..J0 “ 23 7 

“ -5 1 

"'/jio “ 29 0 


In Lillie’s words. “ In the presence of eitlier acid or alkali the osmotic* 
pressure of the gelatin thus shows a marked increase which, within the 
above range of concentrations, exhibits a certain proportionality to the 
quantity of acid or alkali added. For equivalent concentrations acid 
produces a somew'hat greater increase than alkali. The change in 
osmotic properties is to be attributed to a finer subdivision of the col- 
loidal particles and a consequent increase in the surface of intersec- 
tion between colloidal particles and medium ” The osmotic pressure 
of gelatin and of egg-albumin is unafl:ected by the addition of non- 
electrolytes, such as cane-sugar, glucose, glycerol and urea, but is con- 
siderably affected by the addition of Inorganic Salts, being depressed 
thereby. The decrease of the osmotic pressure exerted by the protein 
depends upon the nature of both the anion and the cation of the added 
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salt. The depression increases in the order: Alkali metals < alkaline 
earths<heavy inetals(for cations), and (^NS< r<Rr<N()a<<'I<F< 
plurivalent anions, SO4, tartrate, (dtrate, phosphate (for anions). 
This fact is especially significant when we ro<*ollcc‘t that this is the 
order in which the various ions bring about the dehydration and coagu- 
lation of proteins (see Chapter VTIT), but, on the other hand, the dif- 
fering effects of these salts may, as I-.oeb has shown in the <*asc of gelatin, 
arise not directly from specific effects of the ions enumerated, but 
indirectly from the diflering hydrogen and hy<lroxyl-ion (concentrations 
which prevail in solutions of salts of strong and weak acids or basics 
respectively. 

THE SWELLING OF PROTEIN JELIJES. 

The proteins, as we have seen, exert a small, but a definite osmotic 
pressure. They are at the same time not diffusible through jellies 
or only very slightly so. Any crystalloid which may chance to be 
present in the external fluid which bathes a Gelatin ])late, tlu‘refore, 
can penetrate the gelatin, although perhaps more slowly than water. 
The gelatin from the interior of the plate (‘aniiot similarly es<*ap(i into 
the surrounding medium. The gelatin plate, therc'fore, acts like* an 
osmometer which provides its own membrane wliich is permeal)le for 
water and crystalloids but not for colloids. Hence, when dry g(*Iatin 
or concentrated jellies are placed in water tliey take up waf<*r and 
increase in volume. 

A phenomenon in the domain of (Tystalloids which pr(‘st*nts some 
analogies to die swelling of colloidal jellies is the following. If w<* place 
at the bottom of a column of distilled water a layer of Phenol n.nd intro- 
duce below this a layer of saturated solution of ])otassiuin <*hloride in 
water and now allow the system to stand at constant t<*inp(*rature, tlie 
layer of phenol gradually moves up the column of watc*r, in other 
words, the layer of solution below the phenol “swells.” The solvent, 
water, being soluble in phenol, the phenol is pernu'abh* by it, while the 
potassium chloride, being insoluble in phenol, (*annol pass through the 
supernatant layer of phenol. 

Not only osmotic, but also chemical j)henonu*na must, however, 
play a part in the swelling of protein jellies. As we have seen in 
Chapter VIII, the passage of a protein into solution involves the addi- 
tion of die elements of water to terminal —NII2 and — (X)OII groups 
and also, possibly, to internal — N.IIOC — groups, resulting in the 
Depolymerization of the protein. Not only osmotic phenomena, but 
Hydration of the gelatin must, therefore, occur in die process of swelling. 
Confirmation of this view is afforded by the fact tliat the Swelling of 
gelatin is accompanied by an absorption of heat- Evidently the 
processes of solution and swelling are each composed of two factors, 
one leading to an absorption and the other to a disengagement of 
heat. The former process is the chemical binding of water by the 
protein, the latter die passage of the hydrated protein into solution 
(or, in swelling, the osmotic imbibition of water). In swelling, the 
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chemical heat-effect predominates, in the dissolving of the gelatin, 
the heat-effect of solution. 

The degree of swelling which Gelatin plates undergo in water is 
greatly enhanced by the addition of small amounts of acid or alkali to 
the water, the minimal imbibition of water being at a reaction very 
close to the neutral point. The phenomena attending the swelling of 
plates of gelatin in acidified water have recently been very thoroughly 
investigated by Procter. This investigator has found that gelatin 
absorbs both acid and water from acid solutions, but absorbs the acid 
in excess, so that the proportion of acid in the surrounding fluid dimin- 
ishes. If the initial concentration of acid in the external fluid lies 
between 0.01 and 0.25 N, then, assuming that at the end of the process 
(attainment of maximal swelling) the concentration of free acid is the 
same within and without the jelly, having been equalized in the course 
of time by diffusion, the amount of acid which is bound” by the 
gelatin is 0.7 to 0.8X10“® (== 70 to 80X10“^) equivalents per gram. 
The equivalence at the attainment of maximal swelling is the same for 
all strong acids, but falls below this value for weak acids. While the 
proportion of acid which is bound” by the gelatin varies but slightly 
with the concentration of the acid in the surrounding fluid, this is not 
true of the degree of swelling attained, which in strongly acid solutions 
attains its maximum at a dilution below that required for complete 
fixation of the acid by the gelatin, and then falls in a continuous curve 
with increasing concentration of the external acid solution. The same 
inhibition of swelling is brought about in varying degree by strong 
solutions of various inorganic salts, and is attributable to the dehydra- 
tion of the protein which, in still stronger solutions, culminates in its 
Coagulation. 

The taking up of water by gelatin from acid solutions is accounted 
for by Procter in the following way: He pictures the gelatin acid- 
compound as a coherent mass from which the gelatin molecules 
cannot diffuse or separate and which, in most respects, behaves like a 
single enormous complex molecule. It is reasonable, he considers, to 
visualize it as a felted mass of amino-acid chains held to each other by 
attractions which possibly attach only their ends, but freely admitting 
the passage of liquid between them. He assumes, in accordance with our 
older conception of the mode of formation and ionization of protein 
salts, that the compound yields acid anions (for example, chlorine ions 
when the compound is gelatin hydrochloride), but that these anions, 
although diffusible, are held within the mass by the electrostatic attrac- 
tion of the oppositely charged ion which, being colloidal, cannot leave 
the jelly in the company of its associate. The only way, therefore, in 
which Ae osmotic pressure of the anions can take effect is not by their 
own movement, but by the inward movement of water, resulting in 
the swelling of the entire jelly-mass and its dilution by admixture with 
the outside solution. 

Two very serious objections attach to this interpretation of the 
phenomena. In the first place, as Procter himself has pointed out. 
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were this the actual mcchanisTn of swelling, tluMi the operative force 
compelling niovenient of the water would, in ultimate analysis, he tlie 
Electrostatic Tension which ])revents the issuance^ of the inorgani<* 
anions from the jelly into the solution. There should thus l)t‘ a in<*as- 
urable <lifference of electrical potential between the swollen gc'latin 
jelly and the surrounding medium. Siu‘h a difference of ])ot(‘ntial 
has not been foimd.^ In the second place, as Procter also points out, 
another difficulty lies in the fact that the condition which would thus 
arise would offer no equilibrium, since the conec^nlration of the 
inorganic anions and the free aci<l itself could never become simul- 
taneously equal within and without the jelly; no matt<‘r what d<*gr(H' of 
swelling and consequent dilution of the jelly may hav(‘ occurrt'd tluTe 
will still, ex hypotheifi, be an excess of inorganic* anions within the j<dly. 

Loeb has sought to resolve the latter of these diffi(‘ulti<‘s by assuming 
that the maximum degree of swelling wdiich is attainable by a jcdly in 
acid solution is determined by the Doxman Equilibrium, to which w(* had 
occasion to refer in connection with the participation of tlu* corpus<*l(‘s 
in the maintenance of the neutrality of the blocxl (s<*(* p. 31 1 an<l Kig. 
IG). He assumes that the osmotic i)ressure of the nou-dilfusibU* 
protein-acid compound within the jelly is balanced by a n*lativ(‘ con- 
centration of the acid without. This explanation, how(‘V(*r, ov(*rlooks 
the part which Lloyd has shown to be played by Ihe cohesion and 
elastic recoil of the jelly (see p. 337), a factor whi(‘h, as Warburg has 
shown, also modifies very considerably the Donnan t‘<piilil)rium 
between corpuscles and the plasma in whi<*h they art* suspcuahMl ''PIu' 
elastic recoil of the jelly, due to the deformation of ils strneliin* by the 
inhibition of water, would obviously tc*n<l to balance' tlu* osniota* pr<‘ss- 
ureof the colloidal ions within the jelly, and tins b(*mg so, llu' maxi- 
mum of swelling attainable by a jelly cannot sol('l,\' lx* <li‘t<*nnin(*d b\ 
tlie Donnan equilibrium, as it wouhl be if the surfa<*<' separating tlx* 
colloid from the water were immovable 

Our more recent views regarding the modi* of formation aixl ioniza- 
tion of Protein Salts reconcile both these <lifficulti(*s, how<*\ <*r, for sme<* 
we now know that no inorganic ions, or at most a very small proport ion, 
are yielded by the protein acid compound, tlu* sw(*lling of tlx* j(*lly 
must be due, just as it is in the case of gelatin innn(*rse<l in n(*ut ral wat<*r, 
to the osmotic pressure of the colloidal parti<*lt*s thc*ms(*lv(*s, which, 
being unable to penetrate the colloidal network in which th(*y art* 
entangled, necessarily compel the compensating migration of watt*r. 
No electrostatic tension between tlic jelly and the external solution n<*t*d 
be assumed, because both ionic components of tlu* prot(*iii salt art* 
attracting water by virtue of their osmotic pressure, and llu*y art* nt*ct*s- 
sarily present in the jelly in equimolecular ct)iicentrati()n, since nt*itlu*r 
of them can leave it, even in the minimal quantity ne<*essary to crt*atc 

1 Ehrenberg, R * Biochem. Ztschr., 1913, 53, p 360 Even if both of t.Uo ioiiH 
of the protein salt were able to issue from the jelly, a dilToronce of potoiitiul wouhl nriHO 
from thoir unequal speeds of diffusion. See F. E. Barioll iiud C, I), Iloc'kor: Jour. 
Am. Chem. Soo., 1916, 38, pp. 1029 and 1030. 
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an electrostatic tension. Furtliermore, since no inorganic anions are 
yielded by the protein salt, simultaneous equality of concentration 
of the uncombined acid and the acid anions within and without the 
jelly will be simply assured by their equal and unhampered diffusion 
into the jelly. The increased Swelling-capacity of gelatin in solutions 
of acids or alkalies is merely the expression of the fact that the ionization 
of the protein salt leads to an increase in the number of colloidal par- 
ticles per imit volume of the jelly, and possibly, also, in part, to the 
fact that protein ions have a greater affinity for water than undisso- 
ciated protein molecules. 

This conception of the process of swelling would still yield no equi- 
librium or SweUing-maximum were there no compensating force acting 
in an opposite sense to the osmotic pressure of the gelatin itself. No 
matter how much gelatin may be diluted by swelling, there will always 
remain an excess of osmotic pressure within the jelly, due to the protein 
ions which cannot leave it. Now gelatin plates, when immersed in 
water or in acid solutions, do not swell indefinitely until swelling 
merges insensibly into solution, but, on the contrarj^ display a definite 
swelling-maximum. At this point, therefore, the osmotic pressure 
exerted by the colloidal particles within the jelly must be balanced by 
an equal opposing force, which Procter and Lloyd interpret as the 
tension of the elastic colloidal network, while Loeb considers tliat it 
arises from the relative concentration and consequent excess osmotic 
pressure of the acid in the medium outside the jelly. 

The effects of Inorganic Salts upon the swelling of gelatin plates are 
complex because, as Loeb has demonstrated, they consist of two 
separate factors. In the first place a chemical interaction occurs be- 
tween tlie gelatin and the salt, leading to the formation of a compound 
of the acid component of the salt with the gelatin. This compound 
has a greater swelling-capacity tlian uncombined gelatin On the 
other hand the uncombined portion of the salt, 'when present in excess, 
tends in varying degree, depending upon the particular salt employed, 
to dehydrate the gelatin and therefore to inhibit swelling The power 
of the various salts to inhibit the swelling of gelatin is proportionate 
to their power of coagulating proteins in solution. 

The swelling of Living Tissues when immersed in hypotonic solutions 
or in acid or alkaline isotonic solutions is a very complex phenomenon. 
In the first place it is determined by the Permeability of the surfaces 
of the cells for water and anything affecting the permeability oi tlie 
cells of the tissue will also influence the imbibition of water. In the 
second place the swelling of the tissue is determined by the Osmotic 
Pressure of the proteins which it contains, which is affected by acids, 
alkalies and salts in the manner outlined above for gelatin. In the 
third place degenerative changes in excised tissues such as the excised 
muscles of the frog’s leg, lead sooner or later to production of diffusible 
products of Autolysis, and since the surface-layers of the tissue are 
with difficulty penetrable by some of these, their production leads to a 
greatly enhanced imbibition of 'water. 
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Finally, the water whicli is taken up by the tissue may ac^tually 
enter the cells or, on the contrary, may merely be taken up into the 
interstitial spaces between the cells. In general it may be stated, 
however, that any factor tending to injure the vitality of the cells, 
for example heating, will greatly increase their permeability for water, 
and hence will increase the rate and degree of swelling in hypotonic 
solutions. 

The fact tliat acids greatly increase the swelliiig-c*apacity of Gelatin 
or Fibrin has led M. II. Fischer to attempt to a(^count in this way for 
the edematous conditions of tissues which are on<‘ountere<l in a variety 
of pathological conditions. He is of the opinion that the Edema of 
tissues is due to local development of acids which increase the aflinity 
of the tissue-proteins for water. Many objections to this view have 
however, been advanced by a number of investigators and it does 
not appear feasible to account for tlie phenomena of t‘d<una in any 
such simple manner. In the first place tlie bufler-action of the tissues 
and tissue-fluids must undoubtedly prevent tho d<'velo])nuiit of a 
sufficiently high acidity to a<*count for tlie aciiiiniilations of fluid 
which occur in edema. The acidity recpiired to intluence in so <Ui*ided 
a manner tlie swelling of gelatin or fibrin is far grciiter than the acidity 
which could possibly prevail within living tissues or tlu^ tissiu'-iluids 
derived from them, and as a matter of fac‘t very considerable (mUiiui 
may prevail in tissues displaying no perec^ptible dc^viation from tlu‘ 
normal neutral or excessively faintly alkaline miction of all living 
tissues and tissue-fluids. Then, again, the aciinmilations of (lui<l 
which occur in and characterisse cilema arc more fre(piently intc^rstitial 
than intercellular. The fluid is found hetwrm the cells and not within 
the cells themselves, where the proteins are present in Ingln^st <‘onc(Mi- 
tration. It appears more probable that in the majority of the* instan< (‘s 
of edema, fluid accumulates in abiiornial situations bec^anse tlu‘ per- 
meability of tlie membranes lining the lyinph-siiaees or fiiuM* l>loo<l- 
vessels has been increased by injury. Thus w(* know that various 
substances such as leech-extract or extracts of shell-fish or p(‘ptones, or 
other injurious agencies such as heating, will so greatly modify the 
permeability of the capillary bloodvessels as to lead to great aceuinula- 
tions of fluid in the lymph-spaces. Similar (*hanges in tlu^se or otlu^r 
membranous surfaces may very probably account for the aecuinulation 
of fluids in the cellular interstices of tissues in eertain disease-c’onditions 
Even when edema is accompanied by the aecuinulation of fluid within 
the cells themselves, this is ratlier to be attributed to altc^riitions of 
permeability or of the affinity of the proteins for water, by disturlianee 
of the normal balance of the inorganic salts in the proto])Iasin, than to 
local development of acidity. 
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CHArTER XIV. 


PROPERTIES (X)NFERRKI) BY THE <X)LIX)n)AL (X)N- 
STITUENTS; (IIEMK^AL AND BIOIXKIK^AL. 

EFFECTS OF DISTUBBANCE OP THE INORGANIC ENVIRONMENT. 

We have already had occasion to dis<*uss the clVects of alteration of 
the total Concentration of the Environment upon the protoplasm inliahit- 
ing it, and we have seen that the most salient of these t^lVects (lei)en(l 
primarily upon tlie migration of water into or out of the substance' of 
the cell. The effects arising out of alteration of the normal Compo- 
sition of the Environment appear to have been first systi'inatically 
investigated by James Blake, a physi(‘ian resident in San Erancis<*o 
in the decades comprised between the years IS7() and ISIIO. IIis 
earliest investigations upon this sid)jeet were, however, published in 
the Archives gS7iSr(iles de MMecine and in tlu' Prorm/ings of the lioyal 
Society of Lmido^i in and 1841 respectively; his later an<l inor<' 
extensive investigations appeared in the Proceedings of the (\thfonua 
Acadetny of Scienees and in the (Unnpies Rend us (f the F re nth Jmd- 
einy of Scie 7 iees. Ills inquiries into the effect of a varii'ty of inorganic 
salts when injecte<l into the <*ireulation led to tlu' discovery of a iiumher 
of important facts; among others to the diseoviTy of tlu‘ Anesthetic 
Action of Magnesium Salts, to whi(*h much importance has Ix'C'ii as<Tibed 
in recent years. The older generation of physiologists, anti^datmg the 
modern development of physical chemistry, <'X])rc'ss('(l <losag('s and 
concentrations in terms of the absolute weight of sul>stan<'(' (Mtiployt'd 
and if, of two substances, a smaller weight of one was lethal tliaii of 
the other that substance was deemed the more to\ie of tlu' two. It 
was Blake who first iiointcd out in physiological literature that (xpial 
weights of the various inorganic salts <lo not by any nu'ans contain 
equal numbers of inolec ules, and he urged that the toxicity or (itluu- 
physiological actions of dissolved substances be n'ferred, not to the 
absolute weight, but to the number of gram-niok'cidi's of material 
administered. Proceeding upon tliis principle, Blake w^as able to show 
that many substances hitherto considered to be of very diverse toxicaty 
were in reality very similar in their physiologic'al action. In particular 
this was found to be the case with many series of Isomorphous Salta 
of the metals. On the other hand certain metallic salts, hitherto sup- 
posed to be of like action and toxicity, were found, when teste<l by this 
new criterion, to differ very decidedly in their relative effect upon 
living protoplasm. 
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The investigations thus initiated have been continued by a very large 
number of subsequent observers whose labors have resulted in the 
accumulation of our present extensive knowledge of the influence 
of inorganic salts upon living matter. A large part of this information 
belongs more appropriately to the subject of Pharmacology and we will 
only review it here in so far as it throws an important light upon the 
nature of the chemical and physico-chemical factors which govern 
the relationship of the cell to its normal environment. The detailed 
actions of the inorganic substances which are rarely if ever constituents 
of the normal inorganic environment of protoplasm we wiU therefore 
not discuss beyond the enunciation of the brief generalization that the 
salts of the Heavy Metals such as silver, copper, lead and mercury 
act as corrosive poisons, leading to disintegration of the cells by coagu- 
lation and flocculation of the protoplasmic proteins, which disrupts 
the continuity of the gel-structure of the cell and causes it to break 
up into particles which fall apart, so that the substance of the cell is 
gradually eroded away. The compounds of Phosphorus, other than 
the phosphates, and tiie compounds of Arsenic exert peculiar effects 
on metabolism which are fully described in current works on pharma- 
cology. 

The discovery that the inorganic salts which form the nonnal con- 
stituents of tlie environment of cells may imder certain circumstances 
act as protoplasmic poisons, is attributable in the first place to Ringer, 
who, however, did not himself interpret his results in this manner. He 
found that if the excised hearts or skeletal muscles of cold-blooded 
animals be immersed in pure Sodium Chloride solution which is isotonic 
with blood serum, they lose their irritability and the power of con- 
traction much more rapidly than they do in blood serum, or in solutions 
containing sodium, potassium and calcium chlorides in the proportions 
in which tliey are present in blood-serum. This was at first interpreted 
to mean that potassium and calcium were required by these tissues 
for nutritive purposes, but later investigations haA e clearly shown that 
while pure sodium chloride is definitely toxic for living tissues, its 
toxic properties are antagonized or annulled by a correct admi.\ture 
of potassium and calcium salts. 

All Inorganic Salts in pure solutions exert in greater or less concen- 
trations a toxic action upon protoplasm, which is e\ idencetl by a more 
or less pronounced abnormality of function. In nervous or muscular 
tissues these effects are usually evidenced by an initial increase in 
irritability followed by a more or less rapid decrease ami final loss of 
irritability. Thus, if the foot of a decapitated frog be dipped into 
solutions of various salts the increase of irritability of the sensory nerve 
endings leads to a reflex withdrawal of the foot from the solution The 
following were the concentrations of various inorganic substances 
which Loeb found to be effective in giving rise to this reflex: 
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Substance. 

HCl 

NaOH . 
AgNOj 
FeClt . 

CdCli \ 
HgCJU / 

AlCU . . . 

CaCIj ] 

SrCls I 
Back ( • • 

MfcOlg J 
KCl 1 
NH4OI I 
NaCl f 
LiCl J 

Sodium oxalnio 
Sodium citrate 


Minimal (ilToativa 
ration 

•”/ao 

*"/l80 

"•/eo 

"•Aa ic) 

. '«/i« to 'Vb 




. Vh"* it) "Vi 


"Vh 


The effects observed arc not attributable to the inibi!)itu)!i of watc^r 
from these hypotonic solutions because, it will be ro(‘oll(*ct(‘(l, tlu* skin 
of the frog is not permeable to water in the direction exterior > tissue's, 
but only in the opposite direction. Tlie only hypertonic solutions 
employed, in which osmotic phenomena might have played a rdh', 
were those of the chlorides of the alkalies and annnoniinn. 

It was first discovered by Biedermanu in 18R() that solutions of 
certain Sodium Salts cause skeletal muscles whi<‘h may be inuners<Ml 
in them to enter into more or less rhythmic' contra<'tions, nuninisci'nt 
of those of heart-muscles in normal scrum or in Hingcr’s solutH)n. I h* 
also pointed out that since these contra<*tions continue' to take' place' in 
the presence of Curare, which paralyzes the neuromns(‘uhir junctions, 
the stimulus which eve)kes them must originate in tlic muscular tissue's 
themselves, i. e., the cemtractions are Myogenic. ''Phis plKuiomeMion 
was reinvcvstigated by Ixie'h, wlu) femnd the following ininiinal con- 
centrations of the variems sodium salts just sullie'e'd to e'voke' the' se'iiii- 
rhythmic contractions in freig’s miise'k's, the solutions Ix'ing re'iuh're'd 
isotonic with amphibian scrum by the aelelilion of sugar or ure'a. 


Subbiunt'o 
Sodium chloriclo 
Sodium bromide 
Sodium iodide 
Sodium carbonaio 
Sodium sulphate 
Sodium acetate 
Sodium fluondo 
Sodium formate 
Sodium oxalate 
Sodium phosphate 
Sodium citrate 


Minim. il ofb < luc 
(MincfiitiiUKin 

’"/i« 

“A* I" “/« 

"/as 

“A. ■"/« 

“/« 

"*/« U» "‘/.I 

’»/•! t<> "*/«. 

“/so t<> “/no 
to "•/so. 
“/iM to “/JM 


It mil be observed that the most efficient stimulators in tliis series 
are the salts of sodium combined with an acid (oxalic, phosphoric, 
citric, hydrofluoric) which precipitates Calcium from its solutions. 
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It is a veiy significant fact, therefore, that the addition of traces of 
soluble calcium salts to any of these solutions, whether containing 
a calcium-precipitating acid or not, results in prompt suppression of 
the contractions. Evidently the calcium is not required in these cases 
to supply a nutrient to the muscular tissues, but to antagonize an 
action of an excess of Sodium which results in abnormality of function. 
The simultaneous action of an excess of sodium ions and a calcium- 
precipitating anion is more effective than excess of sodium alone, 
because the calcium already present in the tissues partially antagonizes 
the excess of sodium in the environment. These facts led Loeb to 
emphasize the importance of the ratio in living tissues and in their 
environment. Any pronounced increase in this ratio leads to hyper- 
irritability of nervous and muscular tissues and, in fact, as Loeb 
has pointed out, it is only the calcium in our blood and tissue-fluids 
which prevents all our muscles from beating rhythmically like the heart. 

The fact that the heart continues to beat rhythmically in the presence 
of the calcium in the blood, although the skeletal muscles cannot do so, 
draws our attention to the very important fact that the effect of the 
inorganic environment differs in different tj^jes of living tissues. This 
fact is very strikingly illustrated by the effects of salt solutions upon 
different parts of the swimming-bells of jellj’fish. These bells, in 
normal sea-water, are almost constantly contracting in a rhythmic 
manner and it is by the rhythmic impetus created by the expelled water 
that the jellyfish propels itself through the water. It was first pointed 
out by the English biologist Romanes that when the swmming-bell 
of tlie jellyfish Gemionenvus is deprived by section of its margin, the 
center of the hell will no longer beat in sea-water, while the margin 
continues as before to beat rhythmically. Since the margin contains 
ail the nervous ganglia of the bell, Romanes concluded that tlie beats 
of the swimming-hell were initiated and regulated by these nervous 
tissues. I^oeb, however, found that if the centers, with the margin 
excised, be placed in pure sodium chloride or sodium bromide solutions 
which arc isotonic with sea-water, they will beat rhytlimically just 
as the intact bell does in sea-water. The experiment really indicates, 
tlierefore, that the optimal salt-mixture for rhythmic excitation differs 
in the nervous and the contractile tissues of the bell. 

Another experiment which illustrates in a verj' striking manner 
the differing effects of the inorganic environment upon tissues of 
diverse function is the following: When the last abdominal segment 
of a recently-killed fly^ is tom out with a pair of forceps a length 
of intestine is usually extracted from the abdomen. The muscular 
tissue in the intestines of the Insecta, unlike ours, is striated. If this 
be wetted with M/6 sodium chloride solution and examined imder a 
microscope, rhythinic contractions will be seen travelling in rapid 
succession from the upper to the lower end of the intestine. On 

^ The species actually employed was the large Australian “bluebottle,'* CaUophora 
mUoaa* 
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touching the intestine at about the middle point with a finely pointed 
camePs-hair brush wetted T^dth M/6 calcium chloride solution the 
rhythmic contractions in the affected area are immediately suppressed, 
but on following a wave of contraction with the eye as it enters this 
area and disappears, it can be seen to re-issue below the affected area 
at the moment when it would have appeared had the contraction 
actually traversed that section of the intestine. Evidently, while the 
contractile function has been suppressed, the conductive functions of 
the tissues are still unimpaired. If, however, the middle part of 
the intestine is touched witli potassium chloride solution instead of 
calcium chloride solution, both conduction and contraction arc sup- 
pressed and rhythmic contractions remain confined to the region above 
the affected area, the region below remaining quiescent. Conduction 
and contraction are therefore very diversely affected by these inorganic 
salts. 


EFFECTS OF REMOVAL OF CALCIUM FROM THE TISSUES AND 

TISSUE-FLUIDS. 

We have seen that an increase in the ^IJ; ratio in excised muscular 
tissues leads to hyperirritability of the tissues and that the ratio may 
be increased in either of two ways, namely, by increasing the concen- 
tration of the Sodium Ions in the environment or by decreasing the 
Calcium Ions by employing a salt of which the acid component cither 
precipitates calcium or forms a sparingly dissociated compound with it. 

The effects of injection of calcium precipitants such as citrates, 
oxalates, fluorides, tartrates, oleates and other soaps, et(‘ , are very 
widespread and fundamental They are traceable to muscular, ner- 
vous and glandular tissues. In small doses, whether taken by mouth 
or injected intravenously, they act as Cathartics, inducing enhanced 
peristalsis and the evacuation of fluid feces In larger doses w'e o})tain, 
in addition to purgation, peripheral twitchings, % c., irregular involun- 
tary contractions of the muscles of tlie extremities. An effect upon 
the renal epithelium is also evidenced by a marked Diuresis, or abnormal 
volume and dilution of the urine In still larger doses a very curious 
complex of symptoms is elicited. Shortly after the injection of massiv^c 
doses of sodium citrate subcutaneously in rabbits, peripheral twitch- 
ings occur which are rapidly succeeded by convulsive movements an<l 
marked disturbances of equilibrium. The forelegs are stiffly exteiuled 
and continually shuffling forward with a motion resembling an effort 
to maintain equilibrium upon a slippery or moving surface. The head 
is throwm back and the jaws are continuously chewing. Not infre- 
quently the animals throw themselves into backward somersaults. 
Exactly die same effects, without the peripheral twitchings, purgation 
or diuresis, are obtained if, instead of administering massive doses to 
the w^hole animal, minute doses are applied to the white matter of the 
Cerebellum, by direct injection below the gray matter of the surface. 
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The convulsive effects of large doses are therefore attributable to 
excitation of the white matter of the cerebellum. Chronic ingestion 
or injection of calcium precipitants leads to partial solution of the bones 
which become thin and soft, a condition not infrequently met with in 
sheep that have been feeding for some time upon plants of the Oxalis 
group. The effects of calcium precipitants in the order in which they 
occur are therefore: 1. Purgation. 2, Peripheral muscular twitchings 
and diuresis. 3. Cerebellar excitation. 4. Partial solution of the 
bones. A measure of Tolerance to the first three groups of effects is 
developed after repeated administration. 

The variety of sensitiveness and response of differing tissues to 
modifications of the inorganic environment is again displayed in these 
effects. A very striking instance of the varying sensibility of differ- 
ent cells to this type of environmental disturbance is afforded by the 
complete insensitiveness of the Gray Matter of the central nervous 
system to calcium precipitants. We have noted above that the cere- 
bellar effects of calcium precipitants are only elicited when the salt 
reaches the white matter of the cerebellum, and Maxwell has shown 
that solutions of the various calcium precipitants are without effect 
when placed upon the surface of the motor-area of the cerebrum, but 
immediately induce convulsions when they penetrate by diffusion or 
injection to the underlying white fibers. 

The origin of the purgation by the Saline Cathartics has been the 
subject of much and prolonged discussion. The earliest suggestion 
was that made by Poiseuille and Liebig, to the effect that the action 
of these cathartics was a purely osmotic one; the excess of salt within 
the intestinal ca^'ity withdrawing water from the tissues and tissue- 
fluids, while the tension of the intestinal musculature caused by this 
collection of fluid within the lumen of the intestine led to rapid expul- 
sion of the contents. The great French physiologist Claude Bernard, 
howe\er, showed that the intiacvnous injection of sulphates caused 
jHirgation, altliough the osmotic effect in this instance should be the 
re\erse of that imagined by Poiseuille and Liebig, and w^ater should 
1)0 withdrawn from the intestine into the circulation. To meet this 
objection a modification of the osmotic theory w’as subsequently 
brought forward h\' Wagner and Schmiedeberg, who suggeste<l that 
the saline cathartics modify the Permeability of the intestinal epithe- 
lium in suc*h a manner that the absorption of w'ater from the intestine 
is hindered and tlie fluidity of the contents and distension of the mus- 
cular w’alls, wdnch ensues from the accumulation of unabsorbed fluids, 
leads to the rapid evacuation of fluid feces. 

The discovery by I^oeb tliat those salts which increase tlie ^ ratio, 
and especially those which precipitate calcium, induce hyperirritability 
in muscular tissues, at once threw a new’^ light upon the action of the 
saline cathartics. A large proportion of these cathartics are sodium 
or magnesium salts of acids such as sulphuric, carbonic, phosphoric, 
citric or tartaric acids, which form insoluble or sparingly dissociated 
23 
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compounds with calcium, and their action in stimulating the muscles 
of the intestine may be regarded simply as an instance of a general 
effect upon contractile tissues. Barium Chloride, which stands in the 
peculiar position of not being a calcium precipitant, and nevertheless 
being a powerful stimulant of muscular tissues is also a very drastic 
purgative. The inorganic reagents which induce contractions in 
excised skeletal muscles, therefore, cause purgation when administered 
by mouth or injected intravenously. 

Continuing and extending the above-cited investigations of Claude 
Bernard, J. B. Macallum showed that if 10 cc doses of M/() sodium 
citrate, sulphate or tartrate be administered subcutaneously to rabbits, 
follow^ ten minutes later by 5 cc, and ten minutes after that by 6 cc 
more, very pronounced purgation follows. Purgation may also be 
induced by perfusion of these solutions into the bloodvessels supplying 
a loop of intestine, or even by painting the solution upon the peritoneal 
surface of the intestine. By whatever avenue the salt reaches the 
muscular tissue, therefore, contractions are induced. This disposes of 
the original osmotic theory. The theory of Wagner and Schmiedeberg 
that the fluidity of the feces induced by these salts is due to the non- 
absorption of water from the intestine, was shown to be unne(‘essary 
by the discovery by Macallum that part, at least, of tlie fluidity of the 
feces is attributable to the active secretion of fluid from the mucous 
glands of the intestine into its lumen. Thus, a loop of intestine about 
30 centimeters long in a rabbit was thoroughly cleaned out by <*om- 
pression and the ends tied. From time to time before and after the 
administration of a cathartic salt the loop was opened and the content 
of fluid determined. The following is an illustrative result: 


Loop contained at the beginning 5 0 rv 

Fluid secreted in the first ten minutes 0 “ 

Fluid secreted m the second ten mmutes 0 5 

2 cc of ’”/« banuxn chlonde mjected subeutanoouhly 

Fluid secreted m the first ten minutes aftci injection <1 () 

Fluid secreted m the second ten minutes after injection 

Fluid secreted in the third ten mmutes after injection S 0 “ 


The loop after the administration of the barium chloride also under- 
went powerful contractions. 

Even when the saline cathartic is administered hj' mouth, the 
operative portion of it is that which reaches tlie intestine tlirough the 
medium of the circulation, so that even in this instance an osmotic 
effect of the salt is excluded. This has been very strikingly shown by 
the e^erments of Hertz, Cook and Schlesinger, conducted in Guy’s 
Ho^ital in London. These observers employed human subjects for 
Aeir experiments, following the passage of the cathartic down the 
intestine by simultaneously administering bismutli oxychloride and 
following Ae shadow cast by this substance on an a-ray plate. Sepa- 
rate experiments upon a patient with an iliac fistula slioweel that the 
cathartic and the bismuth oxychloride traveled down tiie intestine 
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together, i. the cathartic did not reach any point of the intestine in 
appreciable advance of the shadow cast upon the plate. 

Three persons received two ounces each of bismuth oxychloride in 
half a pint of cold water at 8 a.m. Breakfast was given at 8.30. Cecal 
sounds were heard and a shadow appeared in the cecum four hours 
after the meal. 

Two days later the same persons received a Seidlitz powder with 
the same mixture. The shadow appeared in the cecum at the usual 
time, namely, four hours after the meal, but while normal feces were 
passed before breakfast, fluid stools, due to the cathartic, were passed 
at 9.15, 9.40 and 9.45 respectively, no less than three hours before the 
first trace of bismuth or of the saline cathartic reached the cecum by 
the way of direct passage through the intestine. 

The same conclusion was readied by chemical analysis of the feces, 
a sulphate being in this instance employed as the cathartic salt: 


Feces 

Per cent 
of water 

Total SO4 

Per cent 
of SO4. 

First day normal . 

80 9 

0 037 

0.045 

Second day normal (10 15) 

SO 0 

0 016 

0 032 

Second day watery (11.25) 

91 1 

0 091 

0 041 

Third day normal 

77 3 

0 270 

0.220 


Thus the watery feces evacuated in response to the cathartic con- 
tained very little more sulphate than the normal feces of the pre- 
ceding day, while the normal feces of the day following the purgation 
contained less than the normal percentage of water and a great excess 
of sulphates. Were either Liebig’s or Wagner and Schmiedeberg’s 
hypothesis the correct interpretation of the facts, we would expect 
these feces to be very fluid, whereas the experiment shows that the 
sulphate tliat remains unabsorbed is actually much less efficient in 
promoting peristalsis than the proportion which circulates in the blood- 
stream. That an excess of sulphates was actually circulating in the 
blood-stream while purgation was taking place is evidenced by the 
fact that the urine collected between 8 a.m. and 4 p.m. on the second 
day contained 0.()24 gm. more SO 4 than the urine collected during the 
same period on the previous day. 

It must be admitted that the purgative action of the saline cathar- 
tics is not to be entirely accounted for by the precipitation of the 
calcium in the tissues, since Barium and Magnesium, irrespective of 
whether they are combined with calcium precipitating acids or not, 
will induce purgation. The possibility must be borne in mind, how- 
ever, although we as yet possess no direct evidence which bears upon 
it, that barium and magnesium, being related divalent metals, may 
possibly displace calcium from certain compounds in tlie protoplasm 
of the tissues affected, and in this connection it is perhaps significant 
that the urinary output of calcium runs parallel to the output of 
magnesium. Furthermore, both the cathartic and the anesthetic 
actions of magnesium salts are antagonized and annulled by the 
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administration of calcium salts. At all events barium salts share with 
the calcium precipitants the common property of inducing hyperirri- 
tability in muscular tissues, while the exceptional sensitiveness of the 
intestinal musculature to magnesiiun may be perhaps regardetl as 
affording another instance of the diverse susceptibility of the various 
tjT>es of tissue-cells to the influence of changes in the inorganic environ- 
ment. That the intestinal musculature is not the only tissue which 
is profoundly affected by magnesium salts is shown by the fact that 
the introduction of a considerable excess of magnesium chloride into 
the blood-stream induces Glycosuria in rabbits. 

THE MUTUALLT ANTAGONISTIC ACTION OF SALTS AND PHYSIO- 
LOGICALLY BALANCED SOLUTIONS. 

We have already seen that a small proportion of calcium inhibits 
the action of sodium salts in inducing rhythmic pulsations of many 
contractile tissues. This is, however, merdy a particular instance of a 
very general phenomenon, as the investigations of Ix)eb in animal 
physiology and of Osterhout in plant-physiology have most abundantly 
demonstrated. 

For example, the fertilized eggs of the marine fish Fmiduluit will 
develop normally in distilled water. Inorganic salts are therefore not 
necessaiy for their nutrition. They will also develop normally, of 
course, in sea-water m which the various saline constituents other than 
bicarbonates and phosphates are present in approximately the following 
concentration and proportion (Van t'Hoff’s solution): 

5/8m sodium chlonde 
5/8m magnesium chlonde 
5/8m magnesium sulphato 
5/8m potassium chloride 
5/8m calcium chlonde 

In f m. sodium chloride solution, without the a<linixtur(‘ of the other 
salts, however, the eggs will not live for more than twelve hours, 
despite the fact that this solution is isotonic with sea-watcT Kvi(l<‘ntly 
sodium chloride is definitely toxic for these organisms In the following 
mixtures: 

96 cc of 5/8m NuCl + 4 cc of 5/Siii MgCU 2 
96 cc of 5/8m NaCl + 4 cc of 5/8ni KCM 
96 cc of 5/8m NaCl 4- 4 cc of 5/8m Cuf ^Ij 

they will live only for about twenty-four hours or even less. When the 
eggs are placed in the following solutions: 

96 cc of 5/8m NaCl + 2 cc of 5/8m MgGl 2 -f- 2 cc of 5/8ni C^iCla 
96 cc of 5/8m NaCl + 2 cc of 5/8m MgCla H- 2 oc of 5/8m KC\ 

96 cc of 5/8m NaCl + 2 cc of 5/8m CaCh 4- 2 cc of 5/Sni KfU 

the eggs live for less than thirty days in the first two solutions, but in 
the third, which corresponds in composition with a concentrated 


1000 pints i>v \oIuinu 

7S “ “ 

.38 “ “ 

1>2 “ “ 
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Ringer’s Solution, the egjjs live for an indefinite period and develop 
normally. Evidently tlie toxic properties of sodium chloride are 
neutralized or antagonized by admixture with a small proportion of 
other inorganic salts. When the correct mixture is obtained the solu- 
tion is devoid of toxicity and we speak of it as a “Physiologically 
Balanced” salt solution. Evidently, Anger’s solution and sea-water are 
physiologically balanced solutions in so far as the tissues of Fttndulus 
are concerned 

Sodium chloride is not peculiar in exerting a toxic effect in pure 
solution. In fact it may be said that any salt without admixture 
wdth other salts is more or less toxic for living protoplasm. This is 
very clearly demonstrated by the following among very many experi- 
ments of this character which we owe to Loeb. 

Antagonism between sodium chloride and zinc sulphate iFunduhts): 

Percentagce of 
eegs which 


Solution. develop 

100 cc H 2 O .... . . 49 

100 CO H 2 O -f 8 ec l/32m Z 11 SO 4 . 0 

100 cc 8/8m NaCl + 8 cc l/32m ZnSO^ . . 1 

100 cc 7/8m NaCl 4 * 8 cc l/32m ZnS04 . . 6 

100 cc 6/8zn NaCl -j- 8 cc l/32m ZZ 1 SO 4 8 

100 cc 5/8m NaCl + 8 eo l/32m ZnS04 . 29 

100 cc 4/8m NaCl + 8 ec l/32m Z 11 SO 4 . . 34 

100 cc 3/8m NaCl + 8 cc l/32m ZZ 1 SO 4 . 37 

100 CO 2/8m NaCl + 8 cc iy32m ZnS04 . 38 


Evidently a very dilute solution of zinc sulphate is highly toxic for 
Fundidus eggs. Sodium chloride in excess is also very toxic. An 
admixture of these two toxic salts may be found, however, which is 
almost devoid of toxicity. 

In tlie above experiment we have an instance of antagonism between 
a monovalent metal and a divalent metal. Antagonism may also 
be (lisi)la>ed between two mono\alent metals or between two divalent 
metals. Tlie following is an illustrative example 

AntagoniMn between magnesium chloride and strontium chloride 
{Fimdulu^): 

Pel « eiitutge ol 
vs&a h 


Sol ut Kin (le\cUip 

100 CC 5/8ni MgCh 0 

100 cc 5/8m MgC’lj + 1 cc of 5/Sm S 1 CI 2 25 

100 cc 5/8in MgC’h + 2 cc of 5/8iii SiCla 22 

100 cc 5/8m MgC’lj -j- 3 cc of 5/8ia SrCh 9 

100 cc 5/Sm MgC’lj -f- 4 cc of 5/8m SrCU 0 

100 cc 5/8m MgCli + 5 ec of 6/8ni SiCh 0 


Similar antagonism W’as found to subsist between lithium chloride 
and zinc sulphate, potassium chloride and zinc sulphate, ammonium 
chloride and zinc sulphate, sodium acetate and lead acetate, sodium 
chloride and manganese chloride, sodium chloride and cobalt chloride, 
sodium chloride and lead acetate, sodium chloride and aluminum sul- 
phate, sodium chloride and chromium sulphate, potassium chloride and 
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calcium nitrate, and, in fact, some measure of mutual antagonism is 
usually but not invariably found to subsist between every pair of inor- 
ganic salts. . j, . 

Verj' striking examples of the mutual antagonism ot inorganic 
salts are afforded by the experiments of Osterhout upon plant-tissues. 
The following shows the aggregate length of roots produced after sixty 
days by wheat-seeds allowed to germinate in various salt solutions of 
^ molecular concentration: 

Solution 

Sodium chloride 
Potassium chloride 
Magnesium chloride 
Calcium chloride 
1000 NaCl + lOCaCla 
1000 NaCl + 22KC1 + lOCaCla 
1000 NaCl + 78MgCl2 H- lOCaCla 
1000 NaCl + TSMgtCla + 38MsS04 + 22KC1 + lOCaCla .SOO 

Distilled water 740 

Since the roots exhibit a maximum growth in distilled water the 
various salts are evidently not required for the mitrition of the jjlants. 
The individual salts in pure solution are highly toxic as compared 
with distilled water, but mixtures of the salts, in proportions tipproxi- 
mating to those found in sea-water, permit very extensive growth 
of roots to occur. The following data ^ow the percentage-increase in 
the length of the thallus which develops from the seeds of 
in various salt solutions of molecular concentration. 

P(*r(*<‘ntaK<* int ioiiho 
in lotiKth oi thulliiH 


Solution altoi 50 d.ivH 

Sodium chlondo 0 

Potassium chloride (> 

Magnesium chloride 0 

Calcium chloride 700 

lOOONaCl + 22KC1 O 

lOOONaCl + 78MgCl2 dO 

lOOONaCl + 78MgCl2 + 22KC1 dO 

lOOONaCl + lOCaCh OSO 

lOOONaCl + 22KC1 + lOCaCh 1500 

lOOONaCl + 78MgCl2 + lOCaCl* 1700 

lOOONaCl + 78MgCl2 + 38MgS04 + 22KC1 -j- 10(^aClj 1500 

Distilled water . 17(>0 


. In certain instances the toxicity of such a universally distrihiitcd 
substance as sodium chloride may be extremely great. Thus, ( )storli<)ut 
found specimens of Vavcheria which were killed witliin a few days by 
so small a concentration as T¥Wir sodium chloride, altliough the running 
water in which these algae were growing contained no less than twelve 
times this concentration of sodium chloride. In the brook, however, 
the toxicity of the sodium chloride was completely annulled by the 
traces of other salts, magnesium, potassium and calcium chlorides 
which the water contained. 

Similar phenomena of antagonism have been observed by C. B. 


Aggregate length 
of roots nun 

59 

G8 

7 

70 

254 

324 

377 
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Lipman in culture-media containing bacteria. In certain cases, how- 
ever, no mutual antagonism was observed, as in the case of magnesium 
and calcium salts acting upon Bacillm subfiUs. Furthermore, although 
tiae toxicities of potassium chloride and calcium chloride for this, and 
probably for other ammonifying bacteria, are mutually diminished by 
their admixture, this is not the case for sodium and calcium chlorides, 
a mixture of these two salts being more toxic for aU proportions of 
calcium than sodium chloride alone. These exceptional phenomena 
appear to differentiate the ammonifying bacteria very sharply from 
other types of living tissue. 

The mutually antagonistic toxicity of inorganic salts is therefore a 
phenomenon which is universally displayed whatever type of proto- 
plasm we employ. In certain types, as those afforded by the ammoni- 
fying bacteria, certain antagonisms may fail to be exhibited, but 
other pairs of salts, again, will clearly annul each other’s toxicity. We 
may infer, therefore, that the toxicity of pure salts for protoplasm is a 
universal property, and that in the majority of instances a mixture 
of any two salts is less toxic than either of the components alone. It 
is certainly not an accident that for all the forms of life which have 
been investigated, the most nearly innocuous mixtures correspond in 
composition either to sea-water (Van t’Hoff’s solution) or to Einger’s 
solution. In these mixtures of five and three salts respectively the 
annulment of toxicity is far more complete than in any binary mixture. 
Sea-water and Ringer’s solution are therefore Physiologically Balanced 
Solutions, but for certain of the higher animals, for example in the 
mammals, of which the tissues are adapted to an environment having 
the composition of Ringer’s solution, sea-water, as it is composed today, 
is no longer a physiologically balanced solution. The determination 
of the physiological balance depends, therefore, upon the properties 
of tlie protoplasm upon which the salts are acting and not upon any 
peculiar properties of the salt-mixture in question, such as double salt- 
formation, etc. 

THE OBIGIN OF THE llfUTUAL ANTAGONISM OF INORGANIC 

SALTS. 

Since the mutual antagonism of salts originates in a property of 
protoplasm rather than in any physical peculiarity of the salt-mixtures, 
we are led to infer that the phenomenon must probably be due to 
chemical interactions between the constituents of the salt-mixture and 
some constituents of the cells. Now antagonism, as we have seen, 
may be displayed between almost any pair of metal ions, but it may 
also be displayed between different pairs of acid radicals. More- 
over tile toxicity of both acids and bases may be partially annulled by 
suitable neutral salts. It is dear, therefore, that any constituent of 
the cdl which is responsible for these phenomena must be capable of 
entering into combination with both acids and bases and with both 
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iiie acid and the basic radicals of salts. The Proteins arc the only 
abundant constituents of the cell which have been demonstrated to 
possess these prop>erties, and it has therefore been inferred by Jjoeb, 
and is now verj' generally assumed, that the toxicity of sodium salts, 
for ejcample, is attributable to the formation of sodium proteinates 
which, if present in too great a proportion in the cell, confer upon the 
protoplasm properties which are incompatible with the maintenance 
of normal function. The toxicity of calcium salts is regarded as being 
attributable in like manner to the undue predominance of calcium 
proteinates in the cell. An admixture of several types of protein salts 
is requisite to confer upon the protoplasm of the cell the exact complex 
of qualities essential to tiie maximal furtherance of its vital activities. 

Much light has been thrown upon this question by two verj' striking 
series of investigations, namely, the Flotation Experiments of Loeb and 
the Condnetivity Expeiimoits of Osterhout. The eggs of the marine 
fish Ftmdulus, which were employed in the earlier experiments cited 
above, have a specific gravity which is considerably in excess of that 
of sea-water. They will float in a V' molecular solution of sodium 
chloride while they sink in a ^ molecular solution. The experiments 
consisted in placing the eggs in solutions exceeding molecular in 
concentration, which is, of course, considerably hypertonic* to the 
contents of the eggs and observing how long they will float in such 
solutions. The witiidrawal of water from the eggs is manifested not 
only by shrinkage of volume, but by a coincident increase in spcc*ific 
gravity which results finally in the eggs acquiring a higher sjiccific 
gravity than the medium, so that they sink in it. C'ontinucd flotation 
in hypertonic solutions is therefore evidence of impermeability of the 
superficies of the cell for water. 

It is found that if the eggs are placed in a 3-moleciiIar solution of 
Sodium Chloride they will float, but, as a rule, not longer than tlirc'c 
hours. After that ^ey sink to the bottom of the test-tube while the 
loss of water which has led to their sinking is evidenced by collapse* of 
the egg-membrane and shrinkage of the yolk-sac*. When the <*ggs art* 
placed m a ^ molecular solution of Calcium Chloride they float at first, 
but they sink in about half an hour. If, however, the eggs are iilaeed 
in a mixture of 50 cc of 3 molecular sodium chloride and 2 ct* of 
molecular calcium chloride, they will float for three days tir more at the 
surface of the solution, the eggs shrink but little or not at all, and the 
embryos continue to live. In a mixture of 50 cc of 2^ in. NaCl -1- 1 
cc of m. KCl -4- 0.75 cc of 2| m. CaCU some of the eggs will con- 
tinue to float for as long as ten days, while in a 2§ m. solution of juire 
sodium chloride they do not float for more than a few hours. 

These phenomena admit of only one explanation, namely, that in 
normal sea-water the superficies of the Fundulus egg is practically 
impermeable to water, but that in a physiologically unbalanced salt 
^lution this natural impermeability is lost, and hence, if tlic solution 
is at the same time hypertonic, water diffuses out of tlic egg and the 
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resultant increase in specific gravity causes it to sink. The same solu- 
tions which cause this loss of water are also toxic for the developing 
embryos. Hence the toxicity of unbalanced solutions is associated with 
an increased permeability of the cells. 

The same conclusion has been reached by Osterhout in quite another 
way. This observer has employed the electrical conductivity of plant- 
tissues as a measure of their permeability for ions, that is of the resist- 
ance which the surfaces of the cells offer to the transport of ions across 
them. Discs about 13 mm. in diameter were cut from the fronds of 
marine algse {Laminaria), the average thickness of a frond being about 
0.5 mm. One or two hundred of these discs were then packed together 
like a roll of coins, into a solid cylinder of from 50 mm. to 100 mm. 
in length. They were held in place by glass rods so arranged as to make 
a hollow cylinder which closely fitted over the outside of the solid cyl- 
inder of tissue. The spaces between the rods allowed free access of 
various salt solutions to the living tissue. At each end of the cylinder 
of tissue was placed a platinum electrode which could be pressed 
firmly by means of a screw against the opposite ends of the cylinder. 
The conductivity of the cylinder was estimated in the usual way. The 
surface in and out of which ions were forced by the current amounted 
to from 26,000 to 53,000 square centimeters; an increase in the con- 
ductivity of the cylinder implied decreased resistance to the passage 
of ions across the surfaces of the tissue, i. e,, an increased permeability 
for electrolytes, while a decrease in the conductivity of the cylinder 
implied, on the contrary, decreased permeability of the cells. It will 
be observed that the permeability measured by Osterhout was per- 
meability for dissolved electrolytes, while that measured by Loeb was 
permeability for water. 

On transferring the cylinder of Laminana from sea-water to Sodium 
Chloride solution of the same temperature and conductivity (0.52 
molecular) the resistance fell from the initial \alue of 1100 ohms in 
sea-water to 890 ohms in ten minutes. In fifteen minutes it had fallen 
to 780 ohms, after sixty minutes to 420 ohms, and thereafter continuetl 
to fall steadily until it reache<l a constant minimal \aliie of 320 ohms, 
which was foun<l to be the resistance of a column of sea-water of the 
same length and diameter. In other words, in pure sodium chloride 
solution the cell-surfaces in Lamiymria increase in permeability until 
finally tliey interpose no resistance at all to the transference of ions 
across them. 

A very striking contrast to this result is obtained if a similar column 
of tissue be transferred from sea-water to a solution of Calcium Chloride 
having the same conductivity as sea-water. In this case the resistance 
of the tissue initially rises, very often from the initial sea-water value 
of 1100 ohms to 1760 ohms in the first fifteen minutes The resistance 
remains stationary at this level for some hours and then slowly sinks 
until it finally reaches the level of 320 ohms, which represents zero 
resistance on the part of the surfaces within the tissue. The permea- 
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bility of the cell-surfaces in calcium chloride solutions, therefore, at 
first decreases and later increases. 

A mixture of 1000 cc of molecular sodium chloride + 15 cc of 
molecular calcium chloride was then diluted until it had the same 
conductivity as sea-water. A similar column of Laminaria tissue, when 
placed in tliis mixture, neither gained nor lost resistance, and had the 
aaiTift conductivity after twenty-four hours as it normally has in sea- 
water. The antagonistic action of calcium chloride upon the toxicity 
of sodium chloride is therefore seen to depend upon Ae maintenance 
of the normal permeability of the cells. 

In general it was found that while the salts of monovalent cations 
such as sodium, potassium, cesium, rubidium, lithium jmd ammo- 
TiiiiTTi increase the permeability of the tissue from the beginning, the 
salts of divalent cations, such as magnesium, calcium, barium, stron- 
tium, manganese, cobalt, iron, nickel, zinc, cadmium and tin agree 
in bringing about an initial decrease of conductivity followed by a 
rdativdy gradual increase. The initial decrease is, however very 
slight in the case of magnesium. Adds resemble the divalent cations 
in causing an initial decrease followed by an increase of permeability, 
but both the increase and the decrease are much more rapid than 
they are in solutions of neutral salts of divalent cations. Alkalies 
resemble the salts of the monovalent cations in causing an increase of 
permeability from the first. 

If the increase in permeability does not exceed a certain limit, the 
return of the tissue to normal sea-water results in the restoration of 
normal permeability and the tissue is not permanently injured. If, 
however, the increase of permeability exceeds this limit then the 
normal permeability is not recoverable and the attainment of absolute 
permeability, i. e., zero resistance of the surfaces of tlie cells to tin* 
passage of dectrolytes across them, indicates deatli of tlie tissue 
toxic action of pure salts is therefore seen to originate in the irrc'iMirable 
impairment of the normal resistance which the sui-face of tlie cell 
opposes to the penetration or exit of water and inorganic salts. 

Having regard to the fact that the Proteins of the cell are tlie only 
abundant constituents which are capable of entering into combination 
with all of these diverse substances, we may assume tiiat the alterations 
of Pemwabili^ which attend iuunersion of living tissue in abnormal 
inorganic environments are due to alterations in the physical consist- 
ency of the interstllial protein solution or jdly which holds the lipoidal 
elements in suspension. Alterations in the consistency of the Liter- 
stitial Protein Medium, and especially alteration of the texture of tlic 
spongework of which it is composed, must necessarily modify the 
pacing of the superficial lipoidal dements, and by widening or narrow- 
ing the interstitial pores, increase or decrease the permeability of the 
cell for water and for substances which are soluble in water, but insoluble 
in fats. 

Of course the alteration of the texture of the interstitial protein 
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jelly which ensues when cells are immersed in abnormal inorganic 
media may be expected, not only to affect the permeability of the cells, 
but also a variety of other properties of the cells, and in this way to 
affect a variety of their functions. Thus, as Loeb has pointed out, 
the effects of diverse salt solutions, and especially those of calcium 
precipitants upon the phenomena of motility, are not solely and directly 
to be attributed to changes in the permeability of the superficies of 
the contractile elements. Indeed it would be manifestly unreasonable 
on a priori grounds to make such an assumption. The permeability 
of the cells having been affected, however, the salts which penetrate 
them induce further changes which modify their performance of func- 
tion. This is very clearly indicated by Ihe following experiments in 

which Loeb sought to ascertain whether the ratio of ^ or of 

which is requisite for the maintenance of life is the same as that required 
for the maintenance of motility. The eggs of Fiinduhis were immersed 
in solutions of sodium chloride of varying concentration, and the con- 
centration of calcium chloride which had to be added to each sodium 
chloride solution to permit fifty per cent of embryos to form was 
determined. It was found that if Ihe concentration of sodium chloride 
varies in the ratio 1:2:3 the requisite additions of calcium chloride 
vary in the proportion 0,3 : 1.3 : 3.2. In other words, if we double the 
concentration of sodium chloride we must quadruple the amount of 
calcium chloride, and if we triple the concentration of sodium chloride 
we must add about ten times as much calcium chloride. To permit 
normal development, and therefore, presumably, to maintain normal 
Permeability, calcium chloride must be added almost in the ratio of the 
square of the concentration of the sodium chloride. 

Now when we turn to the proportion of calcium necessary for the 
maintenance of unimpaired Motility we find a very different relation- 
ship obtaining. For this investigation the newly hatched larvae of a 
barnacle ( Bahtuus churneus) were employed These larvte are incessant 
swimmers, and they rise to the surface of the water. They are able to 
live ill sea-water varying in concentration from Vib m. to ni. When 
the larva? are put into a pure solution of NaCl-t-KCl in the proportions 
in which these two salts exist in sea-water, they will all fall to the bottom 
of the vessel which contains them. They are unable to swim, although 
they may live for a number of hours in such a solution. If one salt 
witli a bivalent cation be added, for example, CaCb or SrCL in sufficient 
quantity, they will rise to the surface but they cannot stay there very 
long If, however, enough of a mixture of CaCb+MgCb is added, in 
the proportions in which calcium and magnesium are present in sea- 
water, tlie larvae will rise to the surface and remain there, constantly 
swimming. Various concentrations of the Na + K mixture were 
employed and the concentration of bivalent cations, Mg-l-Ca, required 
to preserve motility in each solution was determined. The results 
showed that tlie ratio was constant over a wide diversity of 
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concentrations. In other words tlie concentration of bivalent ions 
necessarj- to preserve motility varie«l (lim-Hy as the concentration of 
monovalent ions and not as the square, as in the case of peniTeability. 
While motility, therefore, is affected by changes in pemeahility, the 
effects upon motility involve changes which are not identical with those 
which underlie Ae alterations of permeability. 

The permeability of the surface of the cell for substances dissolved in 
water is presiunably determined by the diameter of tlie interstitial 
pores filled with protein jelly which comprise the spaces between the 
lipoidal elements of the superficial emulsion. We have seen that 
permeability is affected by reagents which presumably affect the solu- 
bility or state of aggregation of the protein constituents of the cell. 
We should expect, however, to find the permeability of the surface of 
the cell also affected by lipoid-solvents, especially if these enter into the 
lipoidal droplets and increase their diameter. 



Fig 22 — Showing successive effects of increasing diameter of the oil-dioph^ts iti an 
emulsion upon the size of the interstitial spaces As the dioplots moimiHis in size un(.il 
they touch each other the area of the interstitial spaces dimiiiishes Fuiflnn in(*ioas('^ 
in the diameter of the oil-^roplcts increases the sectional aieu of the iiiteiHi.iti.il 


According to the measurements of Osterhout, the various lipoid- 
solvents, in particular ether, chloroform, chloral hydrate and alcohol, 
which are also Anesthetics, exert two effects upon protoplasm* '’["he 
one consists in a decrease of permeability which is reversible, /. r , 
disappears after removal of the anesthetic. The other elfeet, which 
requires large dosages, in an increase of permeability which is foiuul 
to be irreversible. Since anesthesia is reversible we may presume it to 
be associated with the former of these effects while the ultimate toxic 
or lethal effects of these drugs may be referred to the irreversible in- 
crease of permeability. 

The absorption of these substances by the lipoidal elements of the 
superficial emulsion, with consequent increase in the volume of the 
lipoidal droplets, might lead either to decreased or increased perme- 
ability for substances which are soluble in water. Provided tlie lipoidal 
droplets are not, in the normal superficies of the egg, in physical con- 
tact with one another, the interstitial spaces between the droplets will 
be reduced in diameter by the swelling of the droplets. As soon as the 
droplets come to touch one another, however, any further increase in 
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their diameter will push their peripheries farther apart and increase 
the diameter of the interstitial pores. 

This will be clear from the accompanying diagram depicting the three 
conditions indicated (Fig. 22). It can readily be seen, therefore, how 
a lipoid-solvent may, in small doses, decrease the permeability of cells 
for water-soluble substances and, in larger doses, increase it. 

THE omam of acid secbetions. 

It has always been, until within very recent years, a fact exceedingly 
puzzling to physiologists that certain secretory glands, particularly 
the glands of tibe gastric mucosa and the ^'salivary” glands of car- 
nivorous mollusks, elaborate a strongly acid secretion from an alkaline 
medium, namely, blood or other tissue-fluids. The alkalinity of the 
medium was, of course, greatly overestimated by the earlier observers- 
On the other hand, however, the results of the most exact measure- 
ments show that the blood and tissue-fluids are on the alkaline side of 
neutrality, while the acidity of gastric juice, of which the components 
must in the long run have been derived from the blood, is comparable 
with that of a hundredth-molecular solution of hydrochloric acid. 

The first hypothesis which was advanced in explanation of this 
phenomenon is usually but erroneously attributed to the German 
biological chemist Maly, who published it in 1874. It actually 
originated with an American, E. N. Horsford, whose account of this 
hypothesis is contained in an article contributed to the Proceedings of 
the Royal Society of London in 1869. He observed that if a mixture 
of neutral or even weakly alkaline salts, such as the Phosphates, be 
enclosed within a parchment-membrane and allowed to diffuse through 
it into distilled water, the water outside the membrane becomes acid 
in reaction, while that within the membrane becomes correspondingly 
more alkaline. This phenomenon is due to the fact that the diffusion- 
\elocity of acids is more rapid than that of the alkaline salts which 
are formed within the dialj'zer From the alkaline blood containing 
chlorides and phosphates, therefore, the acid gastiic juice was 
supposed to arise in an analogous manner. The difficulty which con- 
fronts this hypothesis is, how’ever, that it proves too much, since by 
parity of reasoning all the secretions of the tissues should ])e acid m 
reaction, whereas, as a matter of fact, the majority of the secretions 
resemble the blood in reaction, or else, as in the case of the pancreatic 
juice, are actually more alkaline than the blood. Moreover, tlie effects 
observed in the dialysis of salt mixtures are too small in magnitude to 
account for the relatively high acidity of gastric juice. An alternative 
hypothesis advanced by Ivoeppe is even more difficult of acceptance. 
This investigator supposes that the gastric mucosa is permeable to 
sodium ions but not for chlorine ions. As sodium ions in tlie food 
leave the stomach and penetrate the tissues an equivalent number of 
hydrogen ions migrate from the tissues into the lumen of the stomach 
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snd there combine 'witb the chlorine ions to form Hydrocblorlc Acid. 
In the first place the assumption of the differential permeability of 
the stomach-wall for sodium and hydrogm ions is purely gratuitous 
and has no foundation in direct observation, and in the second place 
the theory would require the presence of food in the stomach before 
acid gastiic juice could be secreted, whereas, as Pavlov has shown, the 
secretion of gastric juice may be excited reflexly without the presence 
of any foodstuffs in the stomach. 

T. B. Osborne has, however, drawn attention to a mechanism 
whereby an add fluid may be elaborated through the intermediation 
of Proteins. When Edestin is dissolved in sodium chloride solutions and 
then predpitated by passing in a stream of carbon dioxide, it is found 
that the predpitate contains an excess of combined hydrochloric 
add, while, on ^e other hand, an equivalent mass of sodium carbonate 
or bicarbonate has been formed in the fluid and may be estimated by 
titration with methyl orange. When, in other words, the excess of 
sodium hydroxide is neutralized by carbon dioxide, this protein com- 
pound of sodium chloride breaks up, setting free sodium hydroxide 
and retaining hydrochloric add in combination. A precisely similar 
phenomenon occurs when Bed Blood-coriniscles are repeatedly washed 
with isotonic salt solution until the washings become perfectly neutral 
and are then suspended in neutral sodium chloride solution and treated 
with a stream of carbon dioxide. The external fluid becomes alkaline 
and the blood-corpuscles become richer in chlorine (see p. 310) . In this 
way hydrochloric add is brought into combination with a non-diffusiblc 
base, mid may be subsequently separated from it by hydrolytic dis- 
sodation, followed by the diffusion of the hydrochloric acid into the 
surrounding medium, or in the particular instance under consideration, 
into the gastric juice. We may infer, therefore, that the secretion of 
an acid juice depends upon the existence in the secreting cells of a 
protein which is capable of decomposing sodium chloride in tlio presence 
of carbon dioxide, the appearance of the free hydrochloric* acid in 
the secretion being attributable to the colloidal, indiffusiblc character 
of the protein base. 

the selective action op tissues and the “OUGODTNAMIC ” 

ACTIONS OP HEAVY METALS. 

It is a universal phenomenon in living tissues that despite the fact 
that the exact composition of the inorganic milieu is so definitely related 
to their wdfare and can depart so littie from normality without induc- 
ing ^distmbances of permeability, yet the relative proportions of the 
various inorganic constituents of the protoplasm do not conform at 
all to the proportions subsisting in the medium which they inhabit. 
Thus the Bed Blood-coriruscles and the Skeletal Muscles, although 
bathed by fluids which contain a marked excess of sodium over potas- 
tium salts, nevertheless, in themselves, contain a very marked excess 
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of potassitim over sodixim salts.^ Again, although in fresh-water streams 
the relative^ content of potassium is often extremely low, the plants 
which live in them are capable of storing up a comparatively large 
amount of potassium in their tissues. One of the most extreme in- 
stances of this selection by living tissues of components in disproportion 
to their abundance in the surrounding medium is that afforded by the 
presence of Iodine in considerable amounts in the tissues of the Thyroid 
Gland in mammals and in the tissues of Marine Algss. Iodine is present 
in normal blood only in imdetectable traces and in sea-water in extra- 
ordinarily small amounts. 

If we place within a dialyzer an excess of diffusible potassium salts 
over diffusible sodium salts and dialyze against a solution containing 
excess of diffusible sodium salts, the proportions of sodium to potassium 
within and without the dialyzer sooner or later readjust themselves, 
approaching equality. Now the surface of the living cell, although, 
perhaps, sparingly permeable to water-soluble substances, is neverthe- 
less not absolutely impermeable to them, and in the course of time if 
the inorganic constituents of the cell are present therein wholly in 
diffusible forms, the concentrations of the various inorganic components 
within and without the cell must ultimately attain equality. Hence 
this phenomenon admits, as Loeb has pointed out, of only one explana- 
tion, namely, that the inorganic constituents of a tissue which are found 
therein in excess of the proportion in which they occur in the fluids which 
bathe it, must exist within the tissue in the form of non-dissociated and 
non-diftusible compounds. “ If a tissue utilizes one kind of metal in this 
way, for example K, while another metal, for example, Na, is chiefly 
used for the formation of dissociable compounds with Na as the free 
ion, the consequence will be that the ashes of the tissue contain K and 
Na in altogetlier different proportions from those in which tliey are 
contained in the surrounding solution. I think we may take it for 
granted that, at least, potassium forms a non-dissociable constituent 
of the protoplasm of a number of tissues of animals and plants.” 
(Loeb.) 

The proteins are the only abundant constituents of protoplasm 
which possess the amphoteric property necessary for simultaneous 
combination with acid and basic radicals. We have seen, furthermore, 
that the compounds of proteins with inorganic bases, acids and salts 
do not yield any inorganic ions to the solution; they are non-dis- 
sociable compounds in so far as the inorganic component is concerned. 
It is to the protein compounds in the main that we must look, therefore, 
for the origin of the selective ability of tissues. 

Many of the Heavy Metal Salts, such as those of mercury, silver, 
lead or copper, are very toxic for living organisms in p:traordinarily 
high dilutions. Even water distilled from a metallic still, or collected 
in a metallic condenser, may be extremely toxic to many forms of life. 
This phenomenon appeared so impressive to the botanist Nageh that 
he invented a specisd phrase, oligodynamic action,'' to describe it. 
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The phenomenon is not so surprising as it might appear, however, 
when we recollect that heavy metal ions are protein precipitants and 
e^)ecially tend to form insoluble and non-dissociated compounds with 
proteins. The effect of this is to reduce the concentration of heavy 
metal ions in any re^on containing protein, and if the protein is sur- 
rounded by a medium which still contains free metal ions these will 
diffuse it to take the place of those precipitated or rendered non- 
dissociable. These in turn will be removed from the solution and so the 
process will go on until, although the original concentration of metal 
ions in the external medium may have been very small, in the end the 
concentration of combined metal in a cell may be considerably greater 
and quite suflScient to constitute a lethal dosage. As W. A. Osborne 
has shown, this sequence of events may be directly observed by 
p1flr»;n g a protein solution inside a parchment-dialyzer and immersing 
the dialyzer in an exceedingly dilute solution of mercuric chloride. The 
mercury quickly attains a higher concentration within the dialyzer 
tlmn without, because as rapidly as it enters it is bound, and the 
osmotic gradient remains positive from the medium witliout to the 
protein solution within the dialyzer. 

THE BIOLOOICAli INDI71DTTA1JTT OF TISSUES AND TISSUE- 

FLXnDS. 

In discussing the various compounds which the Proteins arc (‘apable 
of forming we had occasion in Chapter VIII to dwell upon the existence 
and the properties of the compoimds of proteins with other proteins 
and especially upon the demonstration afforded by the investigations 
of Hardy, that the Serum-globulin which is separable from blood- 
serum by dilution and acidification is not present as such in the un- 
treated sertun but in the form of a complex, probably arising out of 
the union of several protein molecules. 

The presence of these protein complexes in the tissues and tissue- 
fluids affords a simple and readily intelligible explanation of what 
would otherwise constitute an exceedingly i>uzzling fact, namely, the 
Biological Individuality of the various tissues and tissiu'-fluids The 
indhddual proteins which are found in the tissue-fluuls of tolerably 
nearly related animals, for example in the tissue-fluids of the various 
species of mammalia, appear, on analysis, to be either identical or 
very' nearly identical with one another. Thus the east‘in of human 
milk has been shown by Abderhalden to be chemically identU'al with 
the casein of goat’s milk, in so far as the relative yields of the various 
amino-acids enable us to judge. Similarly the serum-albumins and 
globulins of goose-blood are identical wdtli those of horso-bloo<l, and 
the investigations of Abderhalden together witli more recent analyses 
by Gortner and Wuertz have shown that within the closest approxi- 
mation attainable by present methods of analysis the amino-acid 
yields from the fibrins of ox-blood, horse-blood, sheep's blood and the 
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blood of swine are all identical. While the experiments of Dakin, 
Woodman and others on the racemization of proteins by alkalies 
(see p. 188) indicate that proteins which are analytically identical may 
nevertheless differ from one another in the arrangement of their con- 
stituent amino-acids, yet the number of arrangements which is possible, 
while retaining the chemical characteristics of the protein, would 
appear to be limited, although the number of species of animals is, in 
comparison, actually or potentially unlimited. Now when the blood 
or blood-serum of any species of animal is injected into the circulation 
of another species it is treated as a foreign intrusion, and results in the 
appearance of specific ‘'antibodies’^ such as the Hemolysins or the 
Precipitins which react with the blood of the species injected, but with 
no other. Thus if a rabbit be injected repeatedly with human blood- 
serum, the serum of this rabbit acquires the abnormal property of 
causing a precipitate to form when it is mixed with human serum. 
It makes no difference to the result what human being may furnish 
the serum, but if we employ sera from other and unrelated mammals 
we obtain little if any precipitate after mixing with the serum of the 
immunized rabbit. With the sera of related species some precipitate 
will be obtained, but it is not so abundant as that which is yielded by 
human serum. The relationship of man to the primates was thus 
established upon a qualitative basis by Nuttall, to whom the following 
measurements are due; 

Anti-human scrum mixed with: 


Blood of 

Amount of precipitate 

Percentage 

Man 

0 031 

100 

C'himpanzcc 

0 040 

1301 

Gorilla 

0 021 

b4 

Out aiiK 

0 013 

42 

Dog 

0 001 

a 

Cat 

0 001 

s 

Tiger 

0 0005 


Ox 

0 003 

10 

S:jhcop 

Guinca-pig 

0 003 

10 

0 000 

0 

Kahl>it 

0 000 

0 

Kaiigazoo (^McLCtopofs bontteiti) 

0 000 

0 


In a similar manner, if a rabbit be immunized against the serum of 
some other vertebrate than man, the serum of the rabbit so treated 
will develop a precipitin for that species and its near relatives and not 
for other vertebrates. The blood-serum of each species, and in fact the 
tissues and tissue-fluids in general of each species are so many separate 
Antigens, producing in immunized animals antibodies which may m 
certain cases be related to one another but which are clearly not in 
any case identical with one another. Now as far as our experience ex- 
tends, all antigenic substances are proteins. All attempts to demon- 

1 The estimate of the quantity of precipitate yielded by chunpanzee-aerum -was 
much too high, because, as occasionally happens, the precipitate did not settle properly 
and its true value could not be estimated. 

24 
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strate antigenic properties in substances unrelated to proteins have 
resulted in failure, and in particular the investigations of Fitzgerald and 
T-off+TiAg have shown that the Lipoids are non-antigenic. Yet, as we 
have seen, the individu6il proteins which may be isolated from the tissue- 
fluids are limited in number and variety, and even if we take into 
account the possibility that differing arrangements of identical amino- 
adds may render biologically diverse a number of proteins which are 
analytically similar, the number of possible different serum proteins 
does not appear likely to be in any degree commensurate with the 
number of existent and potential spedes of vertebrates. 

If, however, tiie individual proteins which are separable from blood- 
serum by chemical procedures are present wholly or in part in the 
imaJtered serum in the form of complexes of several proteins united 
together, we can readily xmderstand how different sera come to contain 
differing antigens. Two protein-complexes of this type might well 
be built up out of identical units, and yet differ fundamentally, owing 
to differences in the combining proportions, and consequently in the 
mode of linkage of these units. Just as a wide and conceivably infinite 
variety of proteins may be built up out of differing permutations 
and combinations of eighteen or nineteen amino-acids, so an infinite 
variety of protein complexes might be built up by tlie union in varying 
proportions and arrangements of the comparatively limited number of 
different proteins which are individually separable from a tissue-fluid. 

In pursuance of this idea. Gay and Robertson and C. L. A. Schmidt 
have investigated the antigenic properties of several comjxmnd pro- 
teins. If compound proteins differ in their biological specificity from 
their constituents, then a Compoond Protein should represent a new 
Antigen giving rise to antibodies for itself, as distinguished from the 
antibodies for its constituents. Unfortunately a forinidalile technical 
difficulty stands in the way of clearly recognizing the prescuici* of anti- 
bodies which are specific for the compound protein. This is the ihfli- 
culty which is constituted by the fact that any protcMii w'hich is ca]>ahle 
of being split by hydrolysis into moieties which are still proteins (in 
the sense that they are antigenic) gives rise on injection into animals 
to antibodies not only for itself but also for these split-prcKlncts. 
Analogously, a compound protein gives rise to antibodies for its con- 
stituent parts, and it is only possible to distinguish hetw'cen these, 
which w’ould appear in the blood of immunized animals after injection 
of the separate constituents, and any antibodies which may he formc<l 
for the compound as a whole in those doubtless exceptional instances 
in which the antibody for the compoimd reacts with a constituent 
which is not normally antigenic. 

The above-mentioned observers have therefore investigated from this 
point of view certain compound proteins in which one constituent is 
non-antigenic, such as Protamine Caseinate, of which tlie protamine 
constituent is non-antigenic and toxic, while the casein constituent is 
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antigenic and non-toxic, and Globin Caseinate of which the globiu con- 
stituent is toxic and non-antigenic. 

Protamine caseinate displays no antigenic characteristics which 
enable it to be distinguished from casein. It is non-toxic, but whether 
this lack of toxicity is attributable to the masking of the toxic proper- 
ties of protamine by its combination with casein, or to the smallness 
of the proportion of protamine contained in the compound, has not yet 
been definitely established. It gives rise to antibodies for Casein by 
virtue of its casein-content, just as casein gives rise to antibodies for 
its infraprotein split-product Parannclein, but it does not give rise to 
any antibody which will react with its protamine constituent. Globin 
caseinate, however, differs very markedly in its antigenic behavior 
from either of its constituents. In the first place it is non-toxic, and 
the failure to exhibit toxicity can hardly be attributable to dilution of 
the globin constituent by admixture with casein, since globin caseinate 
contains 66 per cent of globin (see Chapter VIII). Still more striking 
is the fact that it yields antibodies which react (i. e., display Alexin- 
fixation) not only with the casein constituent of the compound but also 
with the globin constituent. It would appear evident, therefore, that 
injection of globin caseinate into animals gives rise to an antibody 
which does not appear in response to separate injections of its con- 
stituents. We have in this case therefore an instance created in labora- 
tory-glassware of what we have assiuned to occur in tissue-fiuids, 
namely, the formation of a protein complex which differs from other 
proteins, even from those out of which it is itself built up, in the anti- 
bodies to which it gives rise when it is injected into animals. 
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PART III. 


THE CHEMICAL COEEELATION OF THE 

TISSUES. 


CHAPTER XV. 

THE VEHICLES OF CHEMICAL CORRELATION; BLOOD 

AND LYMPH. 

THE COMPOSITION OF THE BLOOD. 

The distributing agents which accomplish the transportation of 
substances from one part of the body to another are the Blood and 
Lymph. Through their intermediation oxygen and the products arising 
from the digestion of the foodstuffs are carried to the tissues, the waste- 
products which result from their activity are carried from the tissues 
to the excretory organs, and an exchange of products between diverse 
and widely separated tissues is also rendered possible. Among this 
latter class of materials there are included a number of substances 
which, arising in one tissue or group of tissues, stimulate other and 
distant tissues to correlated activity. These substances are collectively 
designated Hormones, or chemical messengers (from op^Ltaco, I arouse, 
or excite). 

The blood consists of a suspension of cellular elements, the red cor- 
puscles or Erythrocytes and the white corpuscles or Leucocytes in a pale, 
straw-colored or almost colorless fluid, die Plasma. Of the two types 
of corpuscles the erythrocytes are much more abundant than the 
leukocytes, the normal average number of eiy^throcytes in man lying 
between five and six million per cubic millimeter of blood, while the 
leukocytes vary in number between 7000 and 15,000 per cubic milli- 
meter. In other species the number of formed elements per cubic 
millimeter of the blood may be higher or lower than in man. Thus in 
the mouse the normal erythrocyte-count lies between ten and twelve 
million per cubic millimeter. 

When the blood is shed from the vessels it forms witliin a few minutes 
a gelatinous clot which is due to the separation from the plasma of an 
insoluble protein Fibrin. On standing, the clot shrinks or undergoes 
Sjrneresis, expressing a colorless or very pale yellowish fluid, rich in 
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protein and containing in fact all of the constituents of the plasma with 
the exception of the formed elements and tlie protein Fibrinogen, 
from which the fibrin arose. This fluid is termed the Serum, and it 
may be obtained in greater abundance and more rapidly by removing 
the* fibrin from freshly shed blood by w'hipping it with glass rods or by 
shaking it up witli beads. The fibrin adheres in long strings to the rods 
or beads and may be removed with them from the fluid, which is now’ 
termed Defibrinated Blood. From this the corpuscles, red and white, 
may be removed by centrifugalization, the supernatant fluid consisting 
of serum. 

The relative volumes of the plasma and corpuscles may be deter^ 
rntneH in several ways, of whi^ the most accurate is probably the 
method devised by Hoppe-Seyler, which suffers from the disadvantage, 
however, of being somewhat lengthy and tedious. Defibrinated bloo<l 
is employed for the estimation, the removal of fibrin from the whole 
blood introducing pnly a very slight error which, if desired, may be 
separately estimated. Three determinations are made, namely: (a.) 
The total protein, including hemoglobin, in 1000 gm. of whole blootl. 
(6) The total protein, including hemoglobin, in the blood-corpuscles 
derived from 1000 gm. of blood by centrifugalization followed by 
repeated washing with isotonic salt solution until the washings arc 
free from protein, (c) The total proteins in 1000 gm. of serum free 
from corpuscles. The difference between (a) and (&) yields the proteins 

in the serum contained in 1000 gm. of blood, so that the ratio yields 
the proportion of 1000 gm. which is constituted by the serum in that 
weight of whole blood. For example, in an actual cstiinatioii the 
total protein in a kilogram of blood amounted to 172.9 gm., while the 
corpuscles from this amount of blood contained 124 0 gm. of jirotein 
The serum in a kilogram of blood, therefore, contained 1 72.9 — 1 24.0 
= 48.9 gm. of protein. One kilogram of serum, however, contaiiie<l 
72.5 gm. of protein. Therefore the serum in a kilogram of bluo<l 

comprised ^ ths of a kilogram or 674 5 gm. The Serum (or plasma 

as it is termed before the fibrin is removed from the blood) ther<‘ft)re 
forms about two-thirds of the whole blood and the corpuscles one-third. 
This proportion is, however, subject to very wide variations. Tlie 
blood-count itself, % e,, the number of corpuscles contained in a cubic 
millimeter of whole blood, is variable and in conditions of Anemia may 
fall to one-half the normal value. Then tlie volume occupie<l by the 
individual corpuscles varies with the osmotic pressure of the serum, 
hypertonicity involving shrinkage and hypotonicity involving dilation 
of the corpuscles. 

The Electrical Conductivity of the whole blood compared with that of 
the serum derived from it may also be employed, as Stewart has shown, 
for the determination of the relative volumes of the corpuscles and 
serum. The results yielded by this and by other me^ods are in 
substantial agreement with those furnished by the method of Hoppe- 
Seyler. 
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In addition to the red and white blood-corpuscles certain other 
minute formed elements are also found in shed blood, namely, the Blood- 
platelets. They are only from one-fifth to one-third of the diameter 
of the red corpuscles and they do not contain nuclei. There has been 
very much discussion as to whether they exist in the circulating blood 
as such, or are not artefacts arising out of the shedding of the blood. 
They have been regarded by various observers as preformed constit- 
uents of the circulating blood, as detritus from the destruction of 
leukocytes and as protein coagula or spherocrystals, which appear in 
the blood whenever the endothelium of the bloodvessels is injured. 
They have, however, been observed by Osier in the blood contained 
in the freshly excised capillaries of the mesentery, so that injury to the 
bloodvessels or shedding of the blood from the vessels is not an 
essential prerequisite to their formation. On standing in shed blood 
the platelets swell and finally break up and disappear and there is some 
indication that those agencies which prevent the disintegration of tlie 
platelets also hinder the Coagulation of the blood. They appear to 
consist of protein with a very high admixture of a phospholipin which 
resembles Lecitliin. 

The Specific Gravity of the blood necessarily varies with its total 
dilution, that is, with the amount of fluid which has recently been 
absorbed from the intestine. As a rule it remains between the upper 
and lower limits of 1.060 and 1.054, averaging 1.058 in males and a 
little less in females. In newborn infants tihe blood has a higher 
specific gravity, about 1.066. 

The Chemicai Composition of the Blood is very constant in certain 
respects and highly variable in others. Thus we have seen that the 
reaction, osmotic pressure and relative proportions of the various 
inorganic constituents, are exceedingly invariable. The concentrations 
of proteins, glucose, cholesterol and so forth are, on the contrary, very 
variable. The following analytical data, cited after Abderhalden, 
are therefore not to be regarded as affording fixed criteria of the com- 
position of the blood in ^e different species enumerated, but simply 
as indications of an approximate average composition. Furtliermore, 
the estimations of the inorganic constituents are, as Abderhalden 
points out, merely of comparative value, since the analytical errors 
involved in the estimations were high, although presumably of similar 
magnitude in each of the types of blood investigated. 

At the time that the above analyses were made the whole of the 
Glucose in the blood was supposed to be confined to the plasma (or 
serum). It has since been ascertained by Rona and Masing, however, 
that the glucose in the blood is contained partly in the erythrocytes 
and partly in the plasma- It is not, however, distributed between these 
two elements in proportion to their relative volumes. In addition to 
the various substances enumerated in these analyses, it must also be 
remembered that blood contains small amounts of Amino-acids, derived 
by absorption from the intestine, and of waste products such as Ammo- 
nia and Urea derived from the metabolic activities of the tissues. 
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The Proteins of blood-serum consist of an admixture of albumins 
and globulins. It is quite uncertain how many different proteins the 
blood-serum (or plasma) may contain, but certain frac'tious can be 
readily distinguished from one another. Among the globulins the 
“Insoluble Globulin” or “EuglobuUn” may be readily separated by 
simple dilution of the blood-serum with from ten to twenty volumes of 
distilled water, followed by acidification with dilute acetic acid or with 
a stream of carbon dioxide. The same fraction separates out on sub- 
mitting blood-serum to dialysis. An additional globulin fraction, the 
so-called Pseudoglobulin, remains in solution, but may be coagulated 
by half-saturation of the serum with ammonium sulphate. It has been 
shown by Woodman, employing the method of “racemissation” 
(see p. 188) that these two globulin fractions are in reality identical. 
According to Chick, euglobulin is merely pseudoglobulin which is 
combined with Lipoids. The constant association of euglobulin with 
lipoids has also been emphasized by Quinan. The Albumin fraction, 
which is not coagulable by half-saturation with ammonium sulphate, 
may possibly consist of a mixture of proteins. Thus from the serum 
of the horse, but only with great difficulty from other sera, a Crystalline 
Serum Albumin may be obtained by first removing the globulins by 
half-saturation with ammonium sxdphate and then adding more 
ammonium sulphate until coagulation of the albumins just begins, and 
allowing the mixture to stand for some time. Only a portion of the 
albmnin is deposited in crystalline form, however, and we are uncertain 
whether the portion which does not crystallize merely represents the 
quantity requisite to saturate the liquid with crystaUizable albumin, 
or whetiier it represents a different protein. 

In addition to the albumins and globulin the blood often contains 
very small amounts of Proteose, and also a glucoprotein, termed Sero- 
muGoid, which yields glucosamine on hydrolysis. It is present in blood- 
serum only to the extent of from 0.2 to 0.9 part per tiiousand. 

It has been noted by a large nmnber of investigators that the relative 
proportions of globiilins to albumins in the blood-senun may present 
remarkable abnormalities in persons or animals afflicted wiA certain 
Infections. Normally the globulins are always less abundant than the 
albumin fractions, so that the ratio of globulin to albumin is always less 
than unity. In animals or human beings infected -with Streptococcus 
or Staphylococcus, how'ever, the ratio may be much more than unity, 
the globulins in some instances amounting to as much as eighty or 
ninety per cent of the total proteins. The question of the origin of 
this remarkable change is of course one which is of great importance to 
our understanding of the mechanisms by which the organism protects 
itself against infections, more particularly since, in the case of Diph- 
theria at least, the Antitoxiiis resulting from infection or immunization 
have been found to be associated with the globulin-fraction of the 
serum. 

The older analyses aiming at the solution of this problem were 
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subject to very great errors and uncertainties, because of the compar^ 
tively large volumes of blood ■which were required for a single analysis. 
The proteins were coagulated by alcohol, dried and weighed, while 
in another sample the globulins were removed by half-saturation wi'th 
ammonium sulphate and the resulting solution of albumins was purified 
by dialysis and its protein content determined by a nitrogen estimation 
or by coagulating and weighing the dried coagulum. These processes 
were tedious, inaccurate and time-consuming, and the large quantity 
of blood required necessitated restriction of analyses to single samples 
or to samples taken at rare intervals from the same animals. 

The recent Befractometric Metiiod of Robertson removes these st)urces 
of inaccuracy and permits the determination of the “non-proteins” 
(including proteoses), globulins, albumins and total proteins in a 
quantity not exceeding one and one-half cubic centimeters of serum. 
.cininpIftH of -this volume may be taken several times in a day from the 
ear of a rabbit without any evident disturbance due to hemorrhage, 
and hence the effects of various procedures and administrations may 
be studied by comparing the composition of the blood-serum of the 
animala before and at successive intervals after the experimental condi- 
tion is inaugurated. 

The following are average results obtained by the refractometric 
method ■with various species of mammals and birds. 


Species 

Non-protem, 
per oent 

Globulin, 
per cent 

Albumin, 
per (‘ent 

Total 
protein, 
per cent 

Per ol total 

piotein 

Globulin 

Mliuiniii 

Horse 

1 65 

3 5 

4 0 

7 5 

47 

1 53 

Albino rat 

1 61 

1 7 

4 2 

5 9 

29 

71 

Ox. . 

1 34 

2 2 

6 0 

7 2 

31 

69 

Hog . 

1 49 

2 8 

4 3 

7 1 

39 


Sheep 

1 30 

1 1 

5 2 

6 3 

IK 

1 K2 

Goat . 

1 43 

1 6 

4 0 

6 5 

24 

76 

Cat 

1 87 

2 6 

5 1 

7 6 

34 

66 

Dog . 

2 01 

1 3 

4 8 

6 1 

21 

79 

Guinea-pig 

1 28 

0 9 

4 7 

5 7 

16 

K4 

Hen . 

1 42 

1 1 

3 5 

4 0 

25 

75 

Duck 

2 77 

1 9 

3 2 

6 1 

3K 

62 


It must, however, be recollected that the nonnal jiroportion of 
globulin to albumin is subject to considerable fluctuation, not only in 
different individuals of the same species, but from time to time in the 
same indhndual. The following are estimations made by liowe upon 
sera derived from eighteen normal persons: 

The last four determinations were made upon samples obtained 
from the s^e individual on different dates. It will be observed that 
the globulins in these normal individuals never exceeded thirty-two 
per cent of the total proteins, although ranging from this proportion 
down to sixteen per cent in different individuals. On the other hand 
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seventeen persons with Syphilis, and yielding a strongly positive 
Wassermazm Reaction, gave values for the proportional globidin content 
ranging from 26 to 49 per cent and averaging 36.7 per cent. Eight 
persons with Pneumonia had a globulin-ratio of from 27 to 60 per cent 
and averaging 40 per cent. Other infections showed corresponding 
increases in the proportion of globulins to total proteins in the serum. 
Cases of Nephritis gave a high proportion of globulin (24 to 60 per cent) 
while those in which nephritis was associated with the accumulation of 
salts and urea in the blood had also, of course, a high non-protein 
content. On the other hand a series of patients with diabetes gave 
normal values for the globulin-ratio excepting in one instance in which 
a local infection was also present. Individuals aflSicted with various 
types of anemia, hyperthyroidism, goiter, hemophilia, chronic bron- 
chitis, pellagra, obesity, lead-poisoning, chronic gastro-intestinal dis- 
orders and neurasthenia presented normal values for the protein-ratio. 
Exceptionally high values of the proportion of globulin to albumin in 
the blood-serum, therefore, are associated with Infections or else with 
Toxemias. 


Samplo No 

Ago 

Non-proteiDS. 
per cent 

Total proteins, 
per cent 

Globulin expressed 
m per cent of total 
protein. 

1 

27 

1 2 

7 8 

25 

2 

30 

1 3 

7 4 

30 

3 . 

36 

1 3 

7 3 

32 

4 . 

21 

1 3 

7 7 

26 

5 

24 

1.1 

7 G 

16 

C 

.30 

1.2 

7 4 

32 

7 

32 

1 1 

8 0 

28 

8 

48 

1 2 

7 9 

27 

9 

19 

1 2 

8 2 

27 

10 

2.5 

1 3 

7 7 

26 

11 

48 

1 2 

7 3 

30 

12 

28 

1 3 

6 8 

29 

13 

23 

1 2 

7 4 

24 

14 

19 

1 25 

6 5 

29 

15 

48 

1 26 

6 7 

.U 

16 

25 

1 3 

7 5 

21 

17 

20 

1 3 

6 7 

25 

18 

29 

1 3 

6 8 

21 

19 

26 

1 3 

7 5 

20 

20 

26 

1 3 

8 2 

21 

21 

26 

1 3 

S 2 

18 

22 

2() 

1 1 

7 9 

24 




■ — . 

— 

— 

Aveiagcs 


1 24 

7 5 

25 5 


The origin of the rise of globulins in infections is still to be sought. 
It is not due to or directly correlated with the development of anti- 
bodies in the circulation, because, as C. L. A. Schmidt has shown, a 
high degree of immun ity to pure proteins may be induced without any 
rise of globulins. It is not due to the LenJ^ocytosis or increase in white 
blood corpuscles which often accompanies infection, because Hurwite 
and Meyer have shown that the leukocyte-count and the globulin 
increases do not in any degree run parallel to one another, while C. L. 
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A. Schmidt has shown that the leukocyte-count may be reduced to 
one-half the normal in rabbits by the administration of Benzene without 
causing any significant alteration of tlie globulin-ratio. It is not due to 
alterations of bodily temperature, because, as Hanson and McQuarrie 
have shown, the previously reported rise of globulins after the adminis- 
tration of Antipyrin was due to analytical errors, and does not occur. 
The same observers have also shown that therapeutic agents which 
markedly accelerate or retard metabolism, namely, Thyroid Extract 
and Sodium Cacodylate respectively, are devoid of influence upon the 
protein quotient, and Hanson has also shown that the previously 
reported effects of Starvation were due to individual fluctuations, and 
that if a suflScient number of analyses be made neither starvation nor 
heavy feeding is found to affect the quotient in any constant manner. 
On the other hand. Buck has shown that if Ether or Chloroform be admin- 
istered for very prolonged periods to animals, so that Albuminuria 
begins to appear, the globulin quotient rises far more markedly than 
could be accounted for by an escape of serum-albumin into the urine. 
This observation may possibly indicate that the true source of the 
marked alterations in the globulin-quotient which occur in infec*tions 
and toxemias resides in alterations of the Permeability of the tissue- 
cells. No further evidence bearing upon this possibility is as yet, 
however, in our possession. 

The changes in the percentage of serum proteins consequent u])()n 
Growth have been studied by Toyama, who finds that the total proteins 
of the blood serum increase rapidly in the rat during the su(*khng 
period. There is a rapid fall at the conclusion of lactation followed by 
a slow rise during which the globulins increase more rapidly than the 
albumins. It has been pointed out by Howe that tliere is a inark(‘d 
increase in the globulin in the blood of calves after ])artaking of Colos- 
trum, no similar increase being noted after they partake of noi inal milk. 
This fact is of especial interest because it has been shown by Woodman 
that the globulin in colostrum is actually serum globulin derive<l from 
the blood plasma of the lactating animal. When the secM-etion of 
normal milk becomes established the globulin is reijlaced by Casern. 
These facts, therefore, suggest that the suckling animal dc‘nv(‘s tlu‘ 
amino-acids w’hich are necessary for the synthesis of its plasma globulin 
by direct transfer from the plasma of the mother through the agcuiey 
of the mammary glands. 

The regeneration of the plasma proteins after hemorrhage has been 
studied by Smith, Belt and Whipple. The blood which had been with- 
drawn was centrifuged, and the corpuscles were washed and subse- 
quently suspended in isotonic saline solution and then returned to the 
circulation. It was found that regeneration of the lost Fibrinogen 
occurs within twenty-four hours, but that the complete regeneration 
of the plasma Globulin and Albumin takes from two to five days. The 
regeneration is rapid at first, as if a reserve supply were set free from 
some store for immediate employment. When Ais reserve has become 
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depleted the subsequent regeneration is relatively slow. The replace- 
ment of all of the plasma proteins is much delayed by injury to the 
Liver. They have also made the important observation ihat withdrawal 
of a large proportion of the plasma proteins, with restoration of the 
corpuscles to the circulation, leads to a condition of profound Shock, 
and they conclude that the plasma proteins are essential environmental 
factors of the circulating blood in its relation to the body cells. Injury 
to the liver by Chloroform or Phosphorus greatly reduces the power of an 
animal to withstand depletion of its plasma proteins. 

THE COAGULATION OF THE BLOOD. 

One of tlie most remarkable properties of the blood is that which it 
possesses of clotting or coagulating in a brief period after its issuance 
from tlie bloodvessels. The clot which is formed is a markedly con- 
tractile one and if it is loosened from the sides of the vessel to which it 
otherwise adheres, tlie clot, with its entangled blood-corpuscles, shrinks 
away toward the center of the vessel, expressing a clear white or pale 
yellow serum as it recedes. This phenomenon is known as Syneresis. 
If a clot be cut into pieces with a knife or rod, the pieces retract from 
one another and round up into separate masses. 

A number of different agencies are capable of preventing the clotting 
of blood when it is shed, thus the various Calcium Precipitants, such as 
oxalates, citrates, sulphates and so forth will, if added in sufficient 
amounts, prevent or delay the coagulation of die blood, and in fact a 
common way of preparing incoagulable blood is to receive the blood 
directly from the vessels into a solution of sodium or ammonium 
oxalate. Siu*li Oxalated Blood, as it is called, remains fluid and inco- 
agulable until and unless a soluble calcium salt be added to it in suffl- 
cient amount to remove all of the calcium-precipitating agent. Accord- 
ing to Sabbatini tliere are minimal and maximal concentrations of 
Calcium Chloride below and above which coagulation is inhibited. The 
upiier limit is a ().1(>2 molecular solution, the lower about one thou- 
sandth j)art of this concentration. Salts which do not actually pre- 
cipitate calcium, such as sodium citrate, prevent coagulation by reduc- 
ing the concentration of free Calcium Ions below tlie necessary minimal 
limit. 

Other agencies wdiich will prevent coagulation are certain solutions 
of Peptones or Proteoses. When these are injected into the circulation, 
in a very brief period the blood which is drawn from the vessels is 
found to be incoagulable. The Peptone-plasma obtained from this 
blood by centrifugalization may be induced to coagulate by the mere 
addition of a suspension of leukocytes obtained from lymph, or by the 
addition of calcium chloride in excess of the amount already present 
in the blood, or by acidification with carbon dioxide or acetic acid. 
Wooldridge has also drawn attention to the very interesting property 
possessed by some proteins, which are probably Lecithoprotems or 
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compounds of protein with Phospliolipiiis. When these are injected 
into the circulation quickly or in large doses they promptly induce 
bitravascnlar Clotting, while they render the blood incoagvldbU if they 
are injected gradually or in small doses. The former effect Wooldridge 
designated the Positive Phase of the action of the protein, the latter he 
termed the Negative Phase. It is an especially remarkable fact that, 
according to Kckering, albino rabbits and the Norway hare, wheri in 
its albino condition, are immune from these effecte. These various 
phenomena have not yet received any adequate interpretation. 

Another agent which renders blood incoagulable is the extract of 
leeches’ heads known as Hiradin. Certain Snake Venoms imluce a like 

The clotting of the blood is in the first instance due to the trans- 
formation of a soluble protein. Fibrinogen, into an insoluble modifica- 
tion, Fibrin. This was conclusively shown by the investigations of 
A. Schmidt and of O. Hammarsten. If the plasma obtained from bloo<l 
be mixed with an equal volume of a saturated solution of Sodium Chlo- 
ride a precipitate or coagulum of fibrinogen is produced which may be 
washed repeatedly in half-saturated sodium chloride solution, redis- 
solved in dilute sodium chloride, reprecipitated by half-saturation 
with sodium chloride and again redissolved. This solution of fil>rinogcn 
in from 1.0 to 1.5 per cent sodium chloride will not clot, however long 
it may be allowed to stand In order to induce it to clot, another 
substance must be added to it, to which the name Thrombin has been 
applied. 

Thrombin may be obtained from freshly-formed fibrin. It is best 
prepared from the strings of fibrin which are obtained by whijiping 
freshly-shed blood; these are washed in cold water with constant knead- 
ing until all of the Hemoglobin has been removed. Tlic fibrin is then 
squeezed dry, minced with scissors, and then covered with an eight 
per cent sodium chloride solution, which does not dissolve' the filiriii 
but extracts the thrombin which is associated with it. Tlu' mixture* is 
placed in a refrigerator for forty-eight hours, and then filtered tiuough 
cheesecloth. A few drops of the viscous filtrate, added to 10 (*(* of 
the fibrinogen solution, cause immediate clotting, tvithoid the addition 
of any calcium salt On the other hand, thrombin solution unmixed 
with fibrinogen will not clot, whetlier calcium salts be added to it or not. 

Since calcium is necessary for the coagulation of freshly-shed blood, 
it might seem reasonable to suppose that tlie thrombin solution 
contains combined or associated calcium, which suffices to permit the 
process to go forward. This is, however, not at all tlie case, for tlironi- 
bin may be purified by dialysis and precipitation with Acetone, and 
when this has been done twice the thrombin is found to be perfectly 
free from calcium. 

The true secret of the essentiality of calcium in the clotting of 
recently shed blood lies in the fact liat thrombin, as such, is absent 
from the circulating blood and from oxalated plasma. Instead, we 
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have a mother-substance. Prothrombin, which is converted by calcium 
salts into thrombin. This fact may be shown in a variety of ways, 
among which the following may be cited: Wooldridge showed that 
if peptone plasma be cooled for some time to zero degrees centigrade 
a precipitate of minute discoidal particles collects at the bottom of the 
container. They resemble very greatly the Blood-platelets and may, 
indeed, actually be identical with them. When these are removed from 
the plasma, clotting of the fluid is now very diflScult to induce by the 
customary agents, by carbon dioxide, calcium chloride and so forth. 
Wright subsequently showed that the same precipitate occurs in oxa- 
lated plasma and Hammarsten showed that its removal prevented the 
subsequent clotting of the plasma by the addition of suflBcient calcium 
chloride to precipitate the oxalate and furnish a favorable excess of 
calcium ions. If, however, this precipitate be treated with lime salts 
and the calcium subsequently removed by oxalates, it now is found to 
contain very active Thrombin, which quickly induces coagulation in 
oxalated 'plasma. A portion at least of the material in the discoidal 
particles was, therefore, converted by the calcium salts into thrombin. 
This constituent is prothrombin. 

Another method of preparing prothrombin is that which has been 
devised by Howell. Oxalated blood is centrifugalized and the plasma 
is heated to 54° Centigrade. This coagulates the fibrinogen. The 
filtered plasma is treated with Acetone and the precipitate is collected 
upon a filter and dried. When the prothrombin is required for use tlie 
filter paper is cut into small pieces and extracted for about one hour 
with dilute sodium bicarbonate solution This solution does not cause 
clotting of pure fibrinogen or of oxalated plasma unless it is first treated 
with calcium chloride (0.2 per cent) 

The circulating blood contains prothrombin, therefore, and it also 
contains calcium salts, and the question necessarih arises wliy the 
prothrombin is not con\erte<l into thrombin in the ^essels, thus 
leading to intravascular coagulation? The reason tliat this does not 
occur is that the conversion of prothrombin into throinliin requires 
not only tlie jiresence of calcium salts but also another factor, deri\ able 
from tissue extracts and bloo<l-platelets, which Morawitz terme<l 
Thrombokinase, but which has recently been identified by IIov\ell as a 
phospholipin, namely, Cephalin. 

The prompt clotting which occurs when normal blood is shed is due 
to something which is added to the blood when it comes into contact 
with the lacerated tissues over which it flows, or which is derived 
from the disintegration of the leukocytes or platelets in the shed blood. 
This can be shown by employing the blood of Birds or Amphibians in 
which the white corpuscles do not disintegrate so readily after shedding 
as they do in the blood of mammalia. If a paraffined cannula be intro- 
duced into an artery of a bird and the blood be collected in a paraflBned 
centrifugal tube and directly centrifugalized, the plasma which is 
obtained either does not clot at all, or only very slowly. 
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The plasma of birds’ blood which is thus obtained may be induced 
to clot if any of a large variety of tissue extracts, such as leukocyte 
mrtract or extracts of the brain, testes or thymus be added to it. The 
active substance is soluble in ether and with difficulty soluble in 
alcohol, and it contains phosphorus and nitrogen. Howell and 
MdLean have shown that pure Cephalin prepared from brain or other 
tiggnftg has the same power of inducing coagiilation as the whole tissue 
extract, while other phospholipins, lecithin, cuorin and sphingomyelin 
are devoid of activity. The activity of cephalin is dependent upon 
the presence of imsaturated linkages, for hydrogenated cephalin, or 
cephalin that has become oxidized by exposure to the air, is inactive. 
That some other factors besides the mere presence ,of unsaturatcd 
linkages determine the action of cephalin is, however, evident from 
the fact that the great majority of the phospholipins which are devoid 
of Tbromhoplastic Aetioii also contain unsaturated linkages, and some 
of them, such as, for example. Liver Lecithin, actually contain more 
highly unsaturated fatty acids than cephalin itself. 

The prothrombin in oxalated birds’ plasma is not converted into 
thrombin by cephalin unless calcium salts are also present. Evidently, 
therefore, both of these factors cooperate in the transformation of 
prothrombin into thrombin. 

"Two views of the mode of action of thrombin upon Fibrinogen have 
been advanced: The older view, originally proposed by A. Schmidt, 
regarded thrombin as an enzyme which converted fibrinogen into 
fibrin by hydrolysis, just as Casein is converted by rennet into Para- 
casein. The foundation of this view was twofold: In tlie first place 
the thrombin in the plasma or sermn of shed blood is inactivated by 
heating to 60° Centigrade for a few minutes and the majority of the 
enzymes are similarly inactivated at a like temperature. In the second 
place verj' small quantities of thrombin are requisite to produce rela- 
tively large quantities of fibrin. Howell, however, has adduc'cd a 
number of facts which militate against this view. In the first place 
the apparent thermolability of thrombin is due to the presence of salts 
or other substances in the plasma or serum, and pure thrombin, freed 
from inorganic salts by dialysis, will withstand boiling for five mniutcs 
or more without total loss of activity. If to the same solution 0.5 
to 1 per cent of sodium chloride be added, boiling for one minute 
inactivates the thrombin completely. Of course this fact, in itself, 
does not prove that thrombin is not an enzyme for, as we have seen, 
many enzymes, particularly ^ose of bacterial origin, are known which 
are not inactivated by heating or in which the inactivation is tem- 
porary or reversible. Moreover it is not really certain that any 
enzymes are thermolabile, since, with one exception, no pure enzymes 
have been prepared. The one exception is that afforded by the 
Laccase or oxidizing enzyme of Medieago sativa, which has been shown 
by Euler to be a mixture of calcium salts of aliphatic hydroxy-acids. 
A synthetic mixture of calcium glycoUate, citrate, malate and mes- 
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oxalate has the same oxidizing action as the v^^etable enzyme and is 
unaffected by boiling. 

'Ite evidence afforded by the effects of heating is therefore incon- 
clusive either for or against the view that thrombin is an enzyme. 
Much more decisive is the quantitative rdationship of the fibiin-yidd 
to the thrombin which has been added to the fibrinogen solution. The 
following are estimates obtained by HowdU: 

0.05 mgm. of thrombin yi^ded 10 75 mgm. of fibiin. 

0.16 " " " 34 00 « - 

0 25 " " " 36 80 " “ 

0.64 “ " 42 50 " “ 

Moreover, a submaximal quantity of thrombin acting upon a solution 
of fibrinogen will never furnish a full yield of fibrin, no matter how much 
time is permitted for the reaction to take place. Evidentiiy, therefore, 
tlirombin enters into and determines the final equilibrium which is 
attained and its action cannot be purely catalytic. 

The action of thrombin upon fibrinogen is specific in the sense that 
no other protein is similarly modified by thrombin, but it is indifferent 
whether the thrombin and the fibrinogen are derived from the same 
or related or even imrelated species of animals. Thus, Howell has 
found that the fibrinogen of all vertebrates is converted into fibrin by 
thrombin derived from pigs’ blood. 

There remains to consider the part which is played by the various 
factors which contribute to the formation of thrombin from pro- 
thrombin. Reasoning from the analogy afforded by the conversion of 
Trypsinogen into Trypsin by the Enterokinase of the succus entericus, 
Morawitz supposed that the conversion of prothrombin into thrombin 
by tissue-extracts was attributable to an enzyme which he designated 
Thrombokinase. A fact which encouraged this view is that if tissue- 
extracts be heated to from 5()° to 60® Centigrade they lose their throm- 
boplastic activity, and it was inferred that, like the majority of the 
enzymes, the thromboplastic substance was thermolabile. Cephalin, 
however, which is very active in promoting the conversion of pro- 
thrombin into thrombin, does not lose its thromboplastic powers when 
it is heated. The solution of this apparent contradiction has been 
supplied by the investigations of Howell, who has shown that if the 
coagulum which forms when tissue extracts are heated to 60® be ex- 
tracted with ether, the dried ether extract has all the thromboplastic 
activity of the original unheated fluid. Evidently the cephalin in 
tissue-extracts is carried down with the protein coagulum, either 
physically adherent to it or else chemically combined with it- 

According to Howell, the activation of prothrombin by cephalin 
is due to iJhe removal from the plasma of an inhibiting substance, 
Antithrombin, which is present in varying amoimts in the blood of dif- 
ferent species of animals. The proof of the existence of this substance 
is as follows: If thrombin in a quantity known to be sufficient to 
25 
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r&pidly coagulate a given amount of a solution of fibnnogen be ^pre- 
viously incubated for about fifteen minutes at blood-temperature with a 
gman amount of fresh plasma, or of plasma freed from fibrinogen by 
heating to 54° C., the ability of the thrombin to coagulate the fibrino- 
gen is found to have become very much impaired. If, however, the 
plasma has been previously treated with cephalm, its power of inacti- 
vating thrombin is lost or very much weakened. This may be illus- 
trated by the following data, furnished by Howell. The following 
mixtures were prepared: 

Mixture A. Fresh pigs’ plasma + equal volume of water. 

Mixture B . Fresh pigs’ plasma -f equal volume of cephalin solution. 

The mixtures -were allowed to stand for thirty minutes and then 
heated to 54° C. to coagulate the fibrinogen. The filtrates were then 
tested for their antithrombin-content as follows: 

I 

Mixture A, 1 drop + Thrombin. 6 drops — Incubation of 1 5 iniiis 
+ Fibrinogen 10 drops =* Partial clot m 65 mins 
Mixture A, 1 drop + Thrombin 4 drops — ^Incubation of 16 nuns 
+ Pibnnogen 10 drops « No dot m 2 hours. 

Mr^ure A, 1 drop + Thrombm 3 drops — Incubation of 15 nuns. 

+ Fibrinogen 10 drops = No clot in 2 hours 
Mixture A, 1 drop + Thrombin 2 drops — ^Incubation of 15 miiis 
Hh Fibnnogen 10 drops » No dot m 2 hours 

II 

Mixture B, 1 drop + Thrombin 5 drops — Incubation of 15 nuns 
-h Fibnnogen 10 drops « Clot in 6 to 10 mins 
Mixture B, 1 drop + Thrombm 4 drops — Incubation of 15 mins 
-f Fibnnogen 10 drops *= Clot in 6 to 10 nuns 
Mixture B, 1 drop -h Thrombm 3 drops — Incubation of 15 nuns 
-f Fibnnogen 10 drops »= Clot m 5 to 10 mins 
Mixture B, 1 drop + Thrombm 2 drops — Incubation ol 15 iniiih 
4- Fibnnogen 10 drops » Clot m 10 to 15 mms. 

It will be seen that the inhibitiVe action of mixture A is totallj' 
absent in mixture B, which has been incubated with ccphaliii. 'riu*s<‘ 
results have found important surgical applications, both for coiitroliiiig 
hemorrhages, for which purpose gauze soaked in an aqtieoiis solution 
(or emulsion) of cephalin is employed, and for the treatment of ab- 
normal tendency to prolonged hemorrhage in cases of Hemophilia, 
which Howell interprets as being due to an abnormal content of anti- 
thrombin in the blood of the patients who exhibit it. 

Hemophilia is a hereditary condition, and is further peculiar in 
that it is almost invariably displayed only by the males of the hemo- 
philic family, while the hereditary tendency to hemophilia is trans- 
mitted by Ae females. This peculiar mode of inheritance is also 
encountered in hereditary Ckilor-blindness and in certain other instances 
of inherited abnormality; it is designated Sex-linked Inheritance. 

According to Howell, therefore, the processes and substances which 
are concerned in the coagulation of th§ blood are as follows: 
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Antithrombin 


■ 4 ' 

Neutralized 
by cephalm. 


Howell believes that in addition to antithrombin properly so called, 
which inhibits the action of thrombin upon fibrinogen, the circulating 
plasma also contains an Antiprothrombin which inhibits the conversion 
of prothrombin into thrombin by calcium salts, and is, like anti- 
thrombin, neutralized or inactivated by cephalin. 

Bordet, however, holds somewhat different views concerning the 
function of cephalin in this process. He believes that thrombin is 
formed by the union of two substances, Cytozyme, which is contained 
in tissues and blood-platelets and is lipoidal in character, being probably 
cephalin, and Serozyme, which in the presence of calcium salts is derived 
from Proserozyme contained in the circulating plasma. Since cytozjTne 
and serozyme are never normally mixed with one another the blood 
does not clot intravenously. If, however, the blood is shed or the 
bloodvessel wall is injured, the contact with the surface of tlie container 
or with the lacerated wall of the bloodvessel causes disintegration of 
the platelets, with resulting liberation of cytozyme, while the prosero- 
zyme becomes simultaneously” modified in such a manner that it is 
converted into serozyme by die calcium salts which are present in the 
plasma. As a result thrombin is formed, calcium salts and contact 
with a roughened or lacerated surface being no longer necessary’. The 
scheme of coagulation proposed by” Bordet is therefore as follo^^s* 


Plabma 


Fibxiiiogcn 


Proserozyme 
converted mto 
serozyme by means 
of calcium and 
contact along the 
wall 


Cellb ( 


jluteletb) 


fj^ozymo 
liberated by 
means of con- 
tact (adhesion 
of cells along 
the TV all) 


Union of seroz^mie and cystoz^me 
^Thrombin (along the wall) 


Fibrin 
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Bordet does not deny that plasma contains antithrombin, but he 
believes that it is neutralized by thrombin. The effect of cephalin he 
regards as an indirect one, due to the formation of thrombin by its 
iminri with scroi^yme and the subsequent neutralization of antithrombin 
by the excess of thrombin thus formed. Bordet’s view of the origin of 
thr ATnhin is in accord with the observations of MiUs (see p. 143) , who 
has found that certain tissue-proteins which are always associated with 
pho^holipins induce intravascular clotting and decidedly accelerate 
clotting in vitro, but that their coagulative efficiency may be greatly 
enhanced by ffie addition of an excess of lipoid, while, on the other hand, 
total removal of the lipoids by prolonged extraction with lipoid-solvents 
converts them into equally potent anticoagulative agents, presumably 
because they are able to combine with, and thus render unavailable, a 
quantity of lipoid (<ytozyme) before they regain the power of inducing 
coagulation. 

Tn regard to the chemical nature of the substances which take part 
in the coagulation of the blood. Fibrinogen is a globulin, being, like 
other globulins, coagulable by half-saturation of its solution with 
BTTiTnnTiiiiTn sulphate, but differing from the serum-globulins in being 
also coagulable by half-saturation of its solutions with sodium chloride. 
It is not known in what chemical respects Fibrin differs from fibrinogen, 
but the results of Howell and others would seem to render very prob- 
able the view that fibrin is a compound of fibrinogen and thrombin. 
The jelly which is formed by the conversion of fibrinogen into fibrin 
in the blood or in neutral or faintly acid salt solutions is of exceptional 
interest because, as Schimmelbusch and Howell have shown, it consists 
of an interlacing network of acicffiar crystals enclosing an interstitial 
fiuid (Fig. 23). If, however, fibrinogen be clotted in alkaline solution, 
the jeUy, viewed under the microscope or ultramicroscope, appears to 
be structureless. The crystalline jellies display the characteristic 
tendency of clotted blood to shrink and express fluid, whereas the 
structureless jellies do not. 

The source of the fibrinogen of the blood appears to be in tlie Liver, 
since, as Whipple has shown, conditions associated with injury to or 
insufficiency of the liver, such as Phospboius or Chloroform poisoning 
or hepatic cirrhosis, lead to a marked diminution of the fibrinogen 
content of the blood. 

Tbrombiu may be a protem, but if so then it is a protein of unusual 
properties, for it is not coagulable by heat, and repeated extraction 
with chloroform appears to remove it from its solution in water. On 
the other hand, it yields the biuret- and Millon reactions and all of 
the reactions for Tryptophane, and it is coagulable by half-saturation 
with ammonium sulphate. Putrefaction does not destroy it and in 
fact often seems to increase its activity. These properties appear to 
indicate that thrombin may be a protein split-product, possibly a 
proteose. 

The nature of Antithrombin is unknown, in plasma it is thermolabile 
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while the antithrombin in leech extracts (Hfandin) is not. It is imcer- 
tain, however, whether this thermolability may not be due to asso- 
ciated impurities, as it is in the case of thrombin. On the other hand 
Antiprothiombin appears to be a phospholipin, McLean having shown 
that Cuorin from heart-musde and a phospholipin resembling Jecorin 
from the liver possess marked ability to inhibit coagulation, the origin 
of the inhibition being the delaying or prevention of the formation of 
thrombin from prothrombin by calcium salts. 



Fin 23 — Fibrin crystals viewed under the ultramicroscope. (After Howell ) 


THE CHEMISTBY OF HEMOGLOBIN. 

The red coloring-matter in the erythrocytes of the vertebrates is 
hemoglobin^ a compound protein which is split by hydrolysis into 
a histone-like protein, Globin, and an iron-containing organic acid, 
Hematin. By reason of the power which it possesses of forming a readily 
dissociable compound wi^ Oxygen, hemoglobin accomplishes the 
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transportEttioii of oxygon from the liin^s to iill tho tissues of tlic body. 
Other pigments fulfilling a like function are found widely dispersed 
among invertebrate animals. Tims in tlie Arachn'idcB, Crustacea and 
Mollusca there is found a protein containing copper, whicli has been 
term^ Hemocyania and which becomes blue when saturated with 
oxygen, and colorless when the oxygen is liberated again. 

The content of Iron in hemoglobin is identical in all species of animals. 
The followTng figures, for example, are given by Jacquet: 


Hemoglobin from 
the blood of 
Doje 

Horse . . 

Ox . . . 

Hen 


Per cent of 
iron 
0 0330 
0 0335 
0 0330 
0 0335 


A-cwiiTning that each molecule of hemoglobin contains one atom of 
iron, this implies a molecular weight for hemoglobin of 1(>,()()9 while 
complete analyses indicate an empirical formula approximating to the 
following: 

C ?5»HiS08N21 oS:^ eOs04 


If we examine the Absorption-spectram of well-a4rated or arterial blood 
or of a pure solution of hemoglobin which has been shaken with air 
or oxygen, we find that the transmitted light contains two well-marked 
absorption-bands lying between the Fraunhofer lines D and K. The 
band nearest to D, termed the a band, is narrower, but darker and 
sharper than the /S band lying nearer to E. On dilution, the /3 hand 
is the first to disappear. On concentration the bands become broader 
and finally appear to coalesce. The center of the a hand eorn^siiouds 
to the wave-length X = 679, that of the j8 band to the wa^’t‘-length 
X = 542. In the Photographic Spectrum a band may also he seen in the 
ultraviolet region, near to G, having its center at the wave length 
X = 415. This band, which was first detected by Horet, has been 
proposed as a means of detecting hemoglobin in high dilutions, siiu-e 
it is still perceptible in solutions containing only one part of hemoglobin 
in 40,000, while the bands in the visible spectrum are no longer jier- 
eeptible at a dilution of one in fifteen thousand. The absorjition-band 
in the ultraviolet spectrum is, however, not characteristic of hemo- 
globin. It is also shown by solutions of its protein comiioncnt, Qlobin, 
and more or less distinctly by solutions of many other proteins. It i.s 
distinctly visible in the light transmitted through solutions of Tyrosine, 
Phenylalanine and other aromatic amino-acids, to which radicals its 
presence in the protein absorption-spectrum is due. 

It was first shown by the English physicist Stokes, that if blood be 
placed under a vacuum, or acted upon with a reducing-agent such as 
an alkaline solution of ferrous sulphate or ferrous tartrate (known 
as Stokra’ Reagent), or warm solutions of the alkaline sulphides, the 
absorption-spectrum of the solution changes. Only one baud is now„'to 
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be seen in the visible spectrum where formerly there were two. This 
lies between D and E, nearer to D than to E. The same spectrum is 
supplied by the blood of asphyxiated animals. This absorption-spec- 
trum is due to hemoglobin, as distinguished from the Oscyhemoglobin 
which is formed when hemoglobin solutions are aerated. The center 
of the band lies at wave-length X = 559. The band in the photographic 
spectrum is at the same time shifted, as Gamgee has shown, the center 
of this band in solutions of Reduced Hemoglobin lying nearer the visible 
spectrum than it does in solutions of oxyhemoglobin. The color of 
solutions of oxyhemoglobin is the typical scarlet of arterial blood; 
solutions of reduced hemoglobin are darker, with a slightly purple 
hue and they also exhibit ‘^e phenomenon of Dicbroism, the color of 
light reflected from the surface of the solution being green, while 
transmitted light, as we have stated, is red, with a slightly purple tinge. 

By the action of oxidizing-agents reduced hemoglobin is rapidly 
converted into oxyhemoglobin, but the further action of many oxidiz- 
ing-agents, such as ozone, potassium permanganate, potassium ferri- 
cyanide and chlorates, results in the formation of a modification of 
oxyhemoglobin which is designated Metkemoglobm. The absorption 
spectrum of methemoglobin resembles that of oxyhemoglobin, except- 
ing that the S band is more intense than the a band and a third band is 
present between C and D. The color of methemoglobin solutions 
is chocolate-brown, changing to red when the solution is rendered acid, 
the absorption-spectrum changing at the same time and showing only 
one absorption-band betw^een C and D. The oxygen-content of 
methemoglobin appears to be identical with that of oxyhemoglobin, but 
it is much more firmly combined and is not given up under a vacuum, 
nor is it displaced by a stream of Carbon Monoxide. When, however, 
methemoglobin is treated witli Stokes’ reagent reduced hemoglobin 
is reformed and this in turn forms oxyhemoglobin on shaking the 
solution up wdth air. Metliemoglobin is often spontaneously formed 
when arterial blood is allowed to stand in sealed tubes and it may 
be found in transudates and cystic fluids stained with blood or in old 
extravasations of blood following upon injuries 

The blood of animals W''hich have been asphyxiated by illuminating 
gas is of a peculiar florid cherry-red color, which does not change when 
Stokes’ reagent is added to it. This is due to tlie presence of Carbon 
Monoxide Hemoglobin, w^hich may also be obtained by blowing a 
stream of carbon monoxide or of illuminating gas tlirough a solution 
of oxyhemoglobin or reduced hemoglobin. In the former case tlie 
oxygen combined with the hemoglobin is quantitatively displaced by 
the carbon monoxide, a given volume of carbon monoxide displacing 
an equal volume of oxygen. We can readily distinguish betw’een 
normal arterial blood and the blood obtained after carbon monoxide 
poisoning, in the first place by the lack of effect of Stokes’ reagent 
upon the color of the carbon monoxide hemoglobin, and in the second 
^ilace by the effect of adding concentrated sodium hydroxide (specific 
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graAdfy 1.3) iu the proportion of two volumes of sodixim hydroxide 
solution to one volinne of blood. Blood containing carbon-monoxide 
hemoglobin yields a cinnabar-red precipitate, whereas normal blood 
yields a dingy brown precipitate. Furthermore, Tannic Acid yields 
with normal blood a brownish-green precipitate and -with carbon- 
monoxide blood a pale crimson-red precipitate. The spectnun shows 
two absorption-bands similar to those of oxyhemoglobin but nearer 
to the violet end of the ^ectrum. The carbon monoxide may be 
dissociated from the hemoglobin by the prolonged action of a vacuum 
or of a stream of oxygen or an indifferent gas. 

The quantity of oxygen or carbon monoxide which combines with 
1 gm. of hemoglobin is 1.34 cc at 0® C. and 760 mm. Hg. This cor- 
responds to one molecule of oxygen or carbon monoxide for every atom 
of iron in the hemoglobin molecule. If, therefore, we regard the mole- 
cule of hemoglobin as containing one atom of iron, the reaction between 
hemoglobin and oxygen appears as a simple bimolecular reaction as 
follows: 

Hb + O. HbO« 

The reaction proceeding from left to right when the partial pressure 
of oxygen is increased, as it is in the lungs, and from right to left when 
the partial pressure of oxygen is reduced, as it is in the tissues. Simi- 
larly the interaction wiA carbon monoxide may be represented as 
follows: 

Hb + CO HbCO 

Designating the concentration of reduced hemoglobin in any solu- 
tion by the symbol Cr, that of oxyhemoglobin by the symbol (’o, ami 
that of oxygen by the symbol “b,” then applying the mass-law t<j tin* 
balanced reaction: 

£[b O 2 Ilb02 

Or b Co 

We would have, at equilibrium: 

Cr X b = KCo 

where is a constant which is characteristic of tlie equilibrium and 
represents the ratio of the velocities of the opposed reactions. Tlie 
concentration of oxygen in the solution will, of course, be directly 
proportionate to the partial pressure Po of oxygen in tlie atmosphere 
above the solution and to the absorption-coefficient at of oxygen in 
water at the particular temperature “P’ which is employed. We 
therefore have: 


g - K.1^ Po 

Hence in a solution of hemoglobin brought into equilibrium at any 
given temperature with a mixture of nitrogen and oxygen, such as air. 
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by shaking or by exposure over a very extensive surface, as in the 
capiUaries of the lungs, the ratio of oxyhemoglobin to reduced hemo- 
globin should be directly proportional to the partial pressure of oxygen 
in the atmosphere to which it is exposed. 

This relationship was investigate by C. Bohr, who found so many 
irregularities which were apparently inconsistent with the equation 
that he inferred the existence of several different compoimds of hemo- 
globin with oxygen. The whole question was, however, reinvestigated 
by J. Barcroft and his collaborators with greatly improved technic, 
and it was ascertained that the irregularities observed by Bohr were 
due to inconstant contamination of the hemoglobin by crystalloids 
and that in properly dialyzed solutions the relationship deduced from 
the mass-law holds good with exactitude. The origin of the irregulari- 
ties in solutions containing inorganic electrolytes resides in the ten- 
dency of hemoglobin to polymerize in such solutions, Roaf having 
foimd that while hemoglobin in distilled water exerts an Osmotic 
Pressure corresponding to a molecular weight of 16,000, in sodium 
chloride solution the osmotic pressure corresponds to a molecular 
weight of 32,000. On rendering this latter solution alkaline the molec- 
ular weight of tlie hemoglobin again falls to 16,000, the weight which 
is also indicated by the iron- and sulphur-contents, assuming each 
molecule of hemoglobin to contain one atom of iron. 

The influence of Temperature upon the Equilibrium-constant of a 
balanced chemical reaction is expressed by the well-known thermo- 
dynamical equation: 

2\TTo / 

Kt — Blto * e 


where Kt is the value of the equilibrium-constant at the temperature T, 
Kto is the value of tlie constant at temperature To, “ q” is tlie heat given 
out by the conversion of one gram-molecule of tiie substance and 
“e” is the base of tlie natural or “Napierian” logarithms. The 
validity of this equation for the reaction between oxygen and hemo- 
globin has also been established by Barcroft, as tlie following data 
reveal. The oxygen pressure was constantly maintained at 10 mm. Ilg 


Percentage of hemoglobin converted into oxyhemoglobin 


At 


16 *» 

240 

32» 

38® 

49® 

Observed . 


92 

71 

37 

18 

6 

Calculated 


90 

71 

41 

22 

6 


from which figures and the above equation it is easy to deduce that 
“q” or the heat given out when one gram-molecule of hemoglobin 
unites with oxygen is 28,000 calories. Now the heat given out when 
1 gm, of hemoglobin unites with oxygen is 1.85 calories. Hence 
we have the simple ratios: 

Weight in grams of Seat given out by one gram- 

one gram-molecule __ molecule ^ 28,000 

Weight of one gram 


Heat given out by one gram 


1 85 
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whence the weight in grains of one gram-molecule of hemoglobin is 
calcinated to be 15,200, which estimate, when one recollects the number 
and variety of measurements which enter into it, is in extraordinarily 
good accord witli the known molecular weight of hemoglobin, namely, 
about 10,000 

Adolph and Henderson, however, have more recently sought to 
ascertain the heat given out in the union of one gram-molecule of hemo- 
globin with oxygen by direct measurement of the heat disengaged 
during the progress of Ae reaction. These very delicate measurements 
do not yield results in good accord with those which were deduced by 
Barcroft from the shift of equilibrium consequent upon the changes of 
temperature. Instead of 28,000 calories, they find only 7000 calories 
of heat liberated in the reaction between one gram-molecule of oxygen 
fl-nfi hemoglobin. The origin of this discrepancy has not yet been 
futcertained, but since, as the above-cited measurements of Roaf have 
shown, the state of aggregation of hemoglobin is very much affected 



Fia 24 — ^Hemin crystals, magnified. (Aftc*i Pr(*yor ) 

by the presence of inorganic ions, and oxyhemoglobin and ro<liK*ed 
hemoglobin differ in their affinity for these, it is suggested by Adolph 
and Henderson tliat such discrepancies may originate in the variable 
contamination of different preparations of hemoglobin with inorganic 
substances. 

By the action of acids, alkalies or heat in the presence of oxygen, 
hemoglobin can readily be split up with the liberation of Hematm. 
If this hydrolysis is accomplished in the presence of hydrochloric aci<l 
the substance obtained is the hydrochloride of hematiu or Hemin, 
which may be readily recognized by its characteristic crystalline form 
(Fig. 24). 

Alkaline solutions of hematin show pronounced Dichroism, being 
red in thick and green in thin layers, while acid solutions of hematin 
are brown. The solid substance forms glistening, bluish-black, amor- 
phous masses. The hydrochloride, however, is brown. 

If hematin be dissolved in strong Sulphuric Acid, on diluting the 
solution a dark red substance, Hematoporphyrin, or iron-free hematin. 
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is deposited, the iron originally contained in the hematin molecule 
being left in the solution in the form of Ferric Sulphate. Hemato- 
porphyrin is identical with a substance known as Hematoidin, which 
is frequently found in the form of microscopical rhombic crystals in 
old extravasations of blood or apoplectic clots. It is also identical 
with Bilirubin, the red coloring-matter of the bile. 

When hemoglobin is decomposed by alkalies in the absence of oxygen 
we obtain Hanochromogen, or “reduced hematin.” This substance 
yields bright red solutions in alkaline media; acids very quickly change 
it into hematoporphyrin and a ferrous salt: 


0aHMN<Fe04 + 2H*0 + 2301 - 2Ci«Hi8N»Oj + FeCl* + H» 

Hematin. Hematoporphyrin 

By reduction of hematoporphyrin we obtain, among other products, 
a substance known as Hemopsnrole, CsHisN, which is a methyl propyl 
pyrrole: 

HC C CH2 C2H5 


HC C— OHs 

v/ 

NH 


From its quantitative composition and the abundance of Methyl 
Pyrrole derivatives among its decomposition-products, it appears 
probable tliat hematin may be built up out of four methyl p;]^'rrole 
radicals united by iron and oxygen. The hydrochloride, or Hemin, 
may possibly be represented by the following structural formula: 


CHs— C- 


-O— CH=0 (OH)~-C=C— CH=r'H— C 


HC; CH 

NH 


-r— CHs 


O FeCl 


HV CH 

NH 


CHr— r 

J 


-r— CH=C(OH;— C'- 




C'll 


NH 


H(’ CH 

NH 


The extensive investigations of Marchlewski, to whom we owe 
much of our knowledge of these pigments, have resulted in establisliing 
the very close relationship which exists between hematin and Cbloro- 
phyll, the green pigment of plants. Thus among the products resulting 
from the decomposition of chlorophyll, a substance, Fhyloporpbyrixi, 
is obtained which differs from hematoporphyrin only in containing 
two hy'drogen atoms in the place of two hydroxyl-groups. The attempt 
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has been made to transform hematoporphyrin into phyloporphyrin 
by reduction, but this attempt has as yet only been partially successful, 
only one of the hydroxyl groups in hematoporphyrin having been 
replaced by hydrogen. 

The close relationship of hematin to chlorophyll at once suggests 
the possibility that the necessary radicals for the building of hemo- 
globin may be obtained by animals from the decomposition-products 
of chlorophyll. The pyrrole grouping may of course be obtained from 
the Proline and Oxyproline constituents of the protein molecule, but it is 
a question whether the synthetic activity of the hemopoietic tissue 
in the red marrow of the bones goes so far as to build up hematin 
from pyrrole or whether, rather, somewhat more complex fragments 
of hematin may not be requisite. It is true that chlorophyll is not 
digestible by the hydrolytic enzymes of our alimentary system, but 
that does not exclude the possibility of bacterial digestion in the lower 
intestine, and as a matter of fact, Marchlewski has shown that chloro- 
phyll does actually in part disappear when introduced into the alimen- 
tary canal of animals. Abderhalden has suggested that tlie failure of 
inorganic-iron therapy in certain cases of Anemia may be attributable 
to lack of certain decomposition-products of chlorophyll in tlie diet, 
or to lack of the proper assimilation or utilization of tliese products 
which he conceives may be necessary for the synthesis of hemoglobin, 

THE CRTSTALLINE FORMS OF HEMOGLOBIN IN RELATION TO 
THE BIOLOGICAL INOmDUALITY OF THE BLOOD. 

The constant percentage of iron in the hemoglobins derived from 
different Vertebrata invites but does not establish the accurac\v of tlu' 
supposition that the hemoglobins from different sources are i(leiiti<*al. 
While the quantitative composition of hemoglobin must be the same 
in all species, yet there exist a very large number of conceivable ar- 
rangements of the various radicals and groupings in tlie mole(‘ule and 
of stereochemical differences not detectable by mere analysis In fact, 
Reichert and Brown have in recent years very strongly advoc*ated 
the view that the hemoglobin of every species diff*ers chemically or 
stereochemically from that of every other, basing their view upon the 
results of their monumental investigation of the crystalline forms of 
hemoglobin derived from different sources. 

Crystals of hemoglobin are readily obtained from the blood of cer- 
tain animals by the mere evaporation of blood “ laked*' by ether. This 
procedure suffices in the case of the blood of the rat, for example. In 
many cases it is necessary to cool the blood to zero and in some to add 
alcohol to reduce the solubility of the hemoglobin. Generally speaking, 
the best method to induce crystallization is to add from one to five 
per cent of Ammonium Oxalate to freshly shed blood, which not only 
prevents clotting but accelerates the process of crystallization, then 
lake the corpuscles by shaking up the blood with ether, remove the 
debris of corpuscles by centrifugalization and allow the fluid to evapo- 
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rate on a microscopic slide. In some cases the nature of the agent em- 
ployed to lake the blood or induce Hemolysis is of importance in deter- ^ 
mining the ease of crystallization. Thus if dogs' blood be laked with 
Toluene, an abimdance of crystals of hemoglobin is easily obtained by 
merely cooling the laked blood in a refrigerator. 

The results of Reichert and Brown have shown that the crystals 
obtained from the blood of different species are never identical in 
form. From an enormous number of measurements of crystal-angles, 
etc., conducted upon hemoglobins derived from a very wide variety 
of species, these observers conclude that the crystals of the different 
species of any one genus belong to the same crystallographic system 
and generally to the same crystallographic group, and they have 
approximately the same axial ratios, or their ratios bear a simple 
relation to each other. In other words, the hemoglobin crystals of 
any genus are isomorphous but not identical. In some cases this 
Isomorphism may be. extended to include several genera, but this is 
usually not the case unless, as in the case of the dogs and foxes, for 
example, the genera are very closely related. On the other hand the 
oxyhemoglobin obtained from the same species always crystallizes in 
the same form, although often with a different ** habit" when obtained 
by different methods of preparation. But upon comparing the hemo- 
globins from different species of a genus it is always found that they 
differ from one another to a greater or less degree in angles or axial 
ratio, in optical characters, and particularly in those characters com- 
prised un<ler the general term "Crystal Habit," so that one species can 
usually be distinguished from another by the form of its hemoglobin 
crystals (Fig 25). 

A clear relationship is thus seen to subsist between the physico- 
chemical behavior of a constituent of organisms, and their place in the 
phylogenetic scale of relationships as established by their gross mor- 
phology, and a long stride has been taken tow^ard the establishment of 
a physico-chemical basis for morphological distinction. The furtlier 
and entirely independent question now arises, how^ever, as to the 
chcmzcal origin of the observed physico-chemical phenomena. 

Our experience witli the crystallography of inorganic and tlie 
simpler organic substances has led us to infer with a considerable 
degree of confidence that substances which show differences in crystal- 
lographic structure are different chemical substances. Crystal form 
is affected even by isomeric modifications which analysis, unaided by 
other methods of investigation, fail to reveal. Now the enormous 
number of atoms in a protein molecule encourages, at first sight, the 
supposition that an enormous and, indeed, for all practical purposes 
an infinite number of isomerides are possible between w'hich the most 
refined methods of analysis would not enable us to distinguish, but 
which would very probably differ from one another in the morphology 
of their crystals. In point of fact, however, the available number of 
isomers would be very greatly restricted by the necessity of maintaining 
unaffected the amino-acid groupings of the protein moiety, which 
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could not diflfer materially in different species without leading to de- 
cided differences in the chemical behavior of the hemoglobins, whidbt 
have not been observed by any investigator. Further doubt is throAvn 
upon this interpretation of lie facts by the observation of Hufeer, 
recently confirmed with the utmost precision by Butterfield, Heubner 
and Rosenberg, and Schumm, that the characteristic Absorption- 
bands, and the ratio of the absorption of light in different parts of 
the spectrum of hemoglobin are absolutely identical in species so far 
removed from one another as the horse and man (Schumm) or the 
rabbit, sheep and hog (Heubner and Rosenberg). Now these are 
properties which we would anticipate might be materially affected by 
internal differences of atomic arrangement. 

Further reason for doubting the correctness of referring the differ- 
ences of crystal structure displayed by the hemoglobin of different 
animals to internal differences in the molecule of the hemoglobins is 
supplied by the observation of Loeb and Brown that the crystal-forTn 
of the hemoglobin of the mule is intermediate in character between that 
of the horse and that of the donkey. For if we assume that each different 
crystal-form represents a different internal atomic arrangement of 
the hemoglobin molecule, then the number of such arrangements, even 
if very great, must nevertheless be limited. The number of possible 
forms of crystals must, therefore, also be limited, and, moreover, the 
possible modifications of forms must be discontinuous, i. e,, there must 
exist forms between which no intermediate forms are possible. This 
being the case it would be very remarkable indeed w^ere the hybridi- 
zation of two closely related species to lead to the synthesis of a new 
isomeric variety of hemoglobin not yet appropriated by any existing 
species of animal and, in addition, lying between the hemoglobins of 
the parent-species. If analogous phenomena should be displayed by 
all hybrids and by all varieties and mutations that might have arisen 
or might conceivably arise in the future, we would have to admit that 
the hemoglobins already recognizable as differing from one another in 
crystalline form are only a small proportion of those which are realizable. 

A much more reasonable supposition is that embodied in the view 
that the differences in crystal-form observed by Reichert and Brown 
are attributable, not to the internal variation of atomic grouping in 
the hemoglobin molecules, but to external variations in the milieu 
from w^hich they are crystallized. The technic adopted by Reichert 
and Brown was to induce crystallization directly in the laked blood. 
Now we know from the observations of the immunologists that the 
blood-plasma from any species of animal differs antigenically from 
that derived from any other species, and since all known antigens are 
proteins, we infer that the proteins or, more probably, the compound 
Protein Complexes in blood-plasmas derived from different species are in 
certain definite respects different from each other. The crystals of each 
species studied by Reichert and Brown were therefore deposited from a 
different medium, and it is not improbable that the observed differ- 
ences between the crystals are attributable to these knowm differences 
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in the media in which they were formed. It is well known that crystal- 
habit is modified by alterations of the medium from which the crystals 
are deposited. That modifications of this origin, so great as to prevent 
inclusion of the crystals formed in different media in the same iso- 
morphic series, have not hitherto been observed in the domain of inor- 
ganic chemistry is not improbably attributable to the simpler character 
of the conditions accompanying crystallization in inorganic or non- 
coUoidal media. We have seen that there are many reasons for sup- 
posing that proteins, even in solution, are disposed in a certain reticular 
structure (<^. Chapter XIII), and if, as the facts which we dwelt upon 
in connection with the properties of the compounds of proteins with 
each other would seem to indicate, characteristic protein complexes, 
formed by the union in differing proportions of a relatively small 
number of simpler protein components, exist in each type of blood- 
plasma, we may wdl suppose that the reticular structures of the solu- 
tions comprising these plasma would likewise differ from one another. 
Having regard to the markedly coheave properties of proteins, crystal- 
lization within the meshes of such a reticulum might very conceivably, 
through external strains imposed by points of attachment to the reticu- 
lum, modify the effects of the internal strains which find their expres- 
sion in crystal form. 

This hypothesis finds decided support in the fact, first observed 
by Halliburton and confirmed by Reichert, that the crystal form of 
oxyhemoglobin derived from a given species may be profoundly 
modified by admixture with the blood of another species. The follow- 
ing are illustrative results obtained by Halliburton, the “normal” 
form of rat-hemoglobin crystals being rhombic, those obtained from 
guinea-pigs being normally tetragonal, and those from squirrels’ blood 
hexagonal. 


Blood of* 

Mixed with that of 

Rat 

Squirrel 

Rat 

Guinea-pig 

Squirrel 

Gumea-pig 

Dog 

Squirrel 

Dog 

Guinear-pig 


Form of hemoglobin cryBt>ala dopositeii 
from the mixtui o 

Both rhombic pnsms and hcxaf^oim piosoiit. 

No rhombic prisms of the shape usually soon 
in rats’ blood present, no totraliodia. 
crystals are all rhombic prisms with 
hexagonal habit. 

Hexagonal plates and tetrahedia both 
present, many tetrahedra iniporfcct, tlio 
tetrahedra all reduced to about half JJio 
size of those prepared fiom the uiiniixcd 
blood of the same guinea-pigs. 

Fine rhombic needles and hexagonal plates 
both present in abundance 

The greater number of the crystals formed 
are very small tetrahedra about a quarter 
the size of those prepared from the blood 
of the same gumear-pig. The optical 
properties are, however, the same, rhom- 
bic pnsms, very slender, like those of 
dogs’ blood, are also seen. 


• Reichert, the degree of modification of crystal form 

induced by^ adm^ture of two bloods depends very greatly upon the 
proportion in which they are mixed. 
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In view of these facts there can be little doubt that the nature of 
the milieu in which crystallization occurs does play an important part 
in determining the form of the crystals which are deposited, and having 
regard to' the known individuality of the plasma from dijfiFerent bio- 
logical species, it would appear unnecessary to seek further for the 
origin of the differences in crystal form of the oxyhemoglobins derived 
from blood of different species of animals. 

In this way we can also interpret the changes in crystal-form which 
Halliburton observed to result from repeated Recrystallization of 
hemoglobin, for as Wichmann and more recently Katz have shown, 
the crystalline proteins swell in or absorb the surrounding fluid 
menstruum in a manner analogous to the swelling of jellies. A number 
of recrystallizations are therefore required to remove completely traces 
of the original menstruum in which crystallization occurred. 

Bradley and Sansum believe that the hemoglobins from different 
animals are antigenically different, because guinea-pigs sensitized to 
ox- or dog-hemoglobin failed to display Anaphylactic Shock, or reacted 
but slightiy to hemoglobins of other origins, while they reacted strongly 
to the hemoglobin with which they were sensitized. As the hemo- 
globin preparations employed by Bradley and Sansum were admittedly 
(with the exception, they believe, of dog-hemoglobin) not free from 
contamination by serum, the interpretation of these results is open to 
serious question. Doubt is especially thrown upon this evidence for 
the specificity of hemoglobins from different species by the fact that 
the animals sensitized to the purest preparation of hemoglobin em- 
ployed, that of the dog, reacted strongly not only to dog-hemoglobin 
but also to dog-serum. Observers are not all agreed that pure hemo- 
globin is antigenic; its protein component, globin, certainly is not, 
and having regard to the investigations of Wichmann and Katz, 
cited above, revealing the marked ability of crystalline proteins to 
absorb the menstruum from which they are deposited, and to the 
observation of Schulz and Zsigmondy that Egg-albumin must be 
recrystallized from 3 to 6 times in order to remove appreciable con- 
tamination by other proteins, we may infer that in all probability 
the specificities demonstrated by Bradley and Sansum are serum- 
specificities and not hemoglobin-specificities. 

THE CHEMICAL DETECTION OF BLOOD. 

The chemical detection of blood and identification of blood-stains 
is often of the very gravest medicolegal import- The older methods 
of detection depended upon microscopical identification of blood- 
corpuscles, and, of course, a very slight degree of putrefactive change, 
or the drying of a blood-stain upon a garment, rendered the detection 
of these formed elements impossible. This was succeeded by the far 
more delicate and reliable Hemin Test, which consists in placing a drop 
of suspected fluid or saline extract of direds of stained fabrics upon 
a microscope-slide, adding a crystal of salt and a drop of glacial acid, 
26 
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heating the fluid to boiling by passing the slide to and fro over a small 
flame, and then examining the fluid, as it wols, for hemin crystals. 
This test may be successfully employed with samples of blood far 
advanced in decomposition. A still more delicate test, however, is the 
■Ramriiffaft reaction. TWs depends upon the power of an enzyme or 
Peraxidase, which is present in blood, to decom^se Hydrogen Peroxide, 
liberating nascent oxygen which oxidizes benzidine mth the produc- 
tion of a green or blue color. Properly conducted, this test will detect 
one part of blood in three hundred thousand, which means, in effect, 
that a murderer may wash his blood-stained hands in a bath full of 
water, and yet if any drainage remains xmemptied at the bottom of the 
bath, the fact Aat he has done so may be detected with certainty. 
Nevertheless even more ddicate tests are available. Thus, Buckmaster 
bfl.a found that if an alcoholic solution of Guaiaconic Acid be added to 
blood together with hydrogen peroxide, a blue color may be produced 
at a dilution of one in five million. This test is also given by perfectly 
fre^ Milk collected and bottled with aseptic precautions, but it is not 
given by the milk which is ordinarily obtainable in the market. 

For the identification of the Species from which blood is derived we 
rdy upon the antigenic Specificity of blood. The suspected fluid is 
mixed with antihuman serum prepared by immunizing a rabbit 
against human blood. The mixture is incubated, and the occurrence 
of a flocculent precipitate indicates that the suspected fluid contained 
either hmnan blood or the blood of an anthropoid ape. Since “The 
Mmrders in the Rue Morgue” must be admitted to have constituted 
an entirely exceptional problem, the alternative thus presented does 
not furnish any basis for imcertainty. 

tHh okigin and composition of lymph. 

The tissues are not, excepting in a very few situations, bathed by 
blood itself but by the Lymph which is derived from blood, and 
through the intermediation of which the substances dissolved or 
combined in bloodrare brought into physical contact with the proto- 
plasm of the living cells. 

There was formerly much discussion of the question whetlier lymph 
is elaborated from the blood by a process of active secretion, consti- 
tuting an Exudate, or whether, on the contrary, it is a Transudate, 
derived from the blood by passive filtration. Heidenhain believed it 
to be an exudate for the following reasons: 

If the lymph were derived from the blood by mere leakage or 
filtration through the walls of the bloodvessels, the rate of leakage 
should be greater the greater the pressure of the blood. The rate of 
flow of IjTnph in the Thoracic Duct, however, does not always decrease 
when tile arterial blood-pressure decreases, nor does it always increase 
when the arteri^ pressure increases. Then, sixain, the injection of 
strong salt solutions into the circulation might be expected to with- 
draw fluid from the IjTcnph-spaces by osmotic attraction, yet the lymph- 
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flow from the thoracic duct is actually increased by this procedure. 
Finally, certain specific substances, particularly cra;^sh extract, and 
extracts of leeches or shell-fish, certain Proteoses and also the South 
American arrowhead poison Curare, cause a very great increase in the 
flow of lymph, as Heidenhain supposed, by stimulating the secretory 
activity of the vessel-walls through which the lymph issues into the 
interstices of the tissues. 

Nevertheless, Starling has conclusively demonstrated that the pro- 
duction of lymph is, after all, a process of passive filtration. The 
phenomena adduced by Heidenhain, convincing as at first sight they 
appear to be, are nevertheless simply attributable to the fact that the 
Permeability of the bloodvessels for lymph varies very greatly in differ- 
ent parts of the body. These differences in permeability lead to differ- 
ences in the rate of filtration of l 3 unph no less pronoimced than the 
difference in the rate of filtration of water through paper and through 
unglazed porcelain. The most permeable vessels are the capillaries 
in the Idver, while the capillaries in the skeletal muscles are almost 
impermeable. We can render the capillaries in the leg-muscles per- 
meable by heating them to 56° C., and in this way cause such extensive 
transudation of lymph that a frog’s leg, so treated, becomes rapidly 
edematous. If the blood-pressure in the liver be raised or lowered 
the lymph-flow is raised or lowered in like proportion, but the pressure 
in the liver and that in the general arterial system do not always run 
parallel, so that the departures from parallelism between arterial 
pressure and lymph-flow observed by Heidenhain were not inconsistent 
with the view that lymph i^ a transudate, mainly furnished by the 
vessels of the liver. Strong salt or sugar solutions simply alter the 
distribution of the interstitial fluids, causing a general imbibition of 
fluid into the vascular system, and a Hydremic Plethora which results 
in rea<ljustment by more rapid filtration into the lymph-spaces in tlie 
liver. If we p^e^’iously withdraw from the vascular sj^stem enough 
blood to equal the volume of fluid which is attracted into it by the 
subsequent injection of salt or sugar, no plethora results, and no 
increased flow of lymph ensues 

The various Lymphagogues or lymph-producing substances alluded 
to above give rise to an increased transudation by the injury tliey 
cause to the walls of the bloodvessels, greatly increasing their 
Permeability, and producing an effect analogous to that of heating 
to 56° C. 

The composition of l^mph is very variable. In general it may be 
regarded as resembling blood-plasma, but containing a larger propor- 
tion of tissue waste-products and of fatty substances deriv^ from the 
chylous lymph-vessels of the intestine- 
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CHAPTER XVL 


EXAMPLES OP CHEMICAL CORRELATION. 

THE CHEMICAL CORRELATION OF RESPIRATORY AC TIVITIE S. 

The normal Respiratory Movemeiits of the diaphragm and inter- 
costal muscles are adjusted to the average need for oxygen which is 
imposed by the normal functional activities of our tissues. The per- 
formance of function and the maintenance of the temperature of the 
body necessitate an expenditure of energy which, since the Hydrolyses 
which occur in living tissues are usually but slightly exothermic, must 
be derived for the greater part from energy liberated by Oxidations. 
As the tissues which are primarily concerned in the performance of 
mechanical work are the muscular tissues, variations of their activity 
may most clearly be seen to necessitate corresponding variations in the 
rapidity and extent of the oxidations upon which their power of per- 
forming work depends. Of all the various tissues of the body, in fact, 
the muscles are subject to the most sudden and extreme variations of 
functional activity, being at the one moment in the state of moderate 
tension which is the normal condition of rest, and at the next expending 
all the energy required, for example, to lift the whole weight of the 
body up a steep incline. To provide a sufficient ox^^gen supply to 
render possible at all times, without alterations of the respiratory 
rhythm, the maximal expenditure of energy- by the skeletal muscles, 
would require a very great w astage of energy by the respiratory muscles 
themselves, or else the relegation of an excessive proportion of the bodily 
volume to the performance of respiratory functions. The mechanism 
actually and normally employed provides an amplitude of oxygen 
for customary and moderate needs and, when the oxygen requirement 
of the skeletal muscles renders the customary means of ventilating 
the body insufficient, then the efficiency of ventilation is temporarily 
enhanced by a very decided increase in the frequency and amplitude 
of the respiratory movements. 

Now there is no immediate or obvious connection between tlie move- 
ments of the respiratory muscles and those of the skeletal muscles. 
There is no anatomical or mechanical connection or association be- 
tween them that would render it a 'priori probable that the motions of 
the one group of muscles would tend to synchronize in frequency and 
extent with those of the other. Moreover, the respiratory^" movements 
in the adult higher vertebrates are known to be primarily under the 
control of a particular region of the Medulla Oblongata, situated in 
the floor of the fourth ventricle and designated the Respiratory Center. 
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Stimulation of this area enhances the rate an<l auipiitii<lc of tiie respi- 
ratory movements. Its narcotization or injury depresses or annuls 
the respiratory movements. The actual synchrony is therefore not 
directly between the skeletal muscles and the respiratory muscles, 
but between the skeletal muscles and the nervous tissues of the 
respiratory center. Here we have an even less obvious relationship 
between tissues which nevertheless act in perfection of harmony, and 
the source of this harmony lies in a chemical and not in a spatial or 
mechanical interdependence of the tissues which participate in it. 

The initial effect of deprivation of oxygen or of interference by 
mechanical or other means with the entrance of air into the lungs is 
an increased amplitude and frequency of the req)iratory movements, 
a condition which is designated Hyperpnea. This is succeeded by the 
stage of Dyspnea, in which the still more rapid movements become 
almost convulsive in character, until finally every muscle which can 
directly or indirectly assist in the effort to fill or empty the lungs is 
brought into intense activity. This activity is quite uncontrollable, 
as the reader may convince himself by the simple endeavor to “ hohl 
the breath” for a prolonged period. If, finally, the lack of oxygen, or 
obstruction to the passage of air, still defeats the object of these 
exertions, a relatively sudden cessation of respiratory convulsions sets 
in, due to paralysis of the respiratory center, and the animal or man 
is now smd to have suffered Asphyxia. If, on the contrary, instead of 
deprivation of oxygen or obstruction to the intake or exit of air we 
have an «ceptionally efficient ventilation of the lung, by forcible and 
repeated mflation, or by a series of rapid and very deep voluntary 
breathing movements, then a condition of temporary suspension of 
the activity of the respiratory center sets m, a condition known as 
Apnea, which is purposely cultivated by divers and swimmers before 
undertaking a period of prolonged immersion below the surface of 
water. Eitiher no desire to breathe is experienced for a perceptible 
interval, or the desire is very easily controlled by a voluntary effort. 

After a somew^t longer lapse of time tiian usual, however, the desire 
to breathe is again acutely felt, and the respiratory movements there- 
after become again uncontrollable by any effort of the will. 

Now the effects of susp^ded breathing are twofold. In tlie first 
place the supply of oxygen to the blood, and therefore to the tissues, is 
cut off and the available oxygen in Ihe body, free or combined in 
easily dissociable compounds like Oxyhemoglobin, is soon exhausted by 
ihe irreducible m inimum of oxidative change which accompanies tlie 
life of all the tissues. In the sroond place the carbon dioxide which 
ultimately results from these oxidations cannot escape from the body, 
and therefore accumulates in the blood and in the tissues. 

. stimulated activity of the respiratory center which accompanies 
inadequacy of respiration is due to some change in the blood which 
irrigates it. This is conclusively shown by the fact that if the cerebral 
circulations of two animals be “crossed,” so that the blood from the 
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carotid artery of the one animal supplies the brain of the other, then 
the prevention of effective respiration in the animal of which the 
brain is receiving normal blood produces no hyperpnea or dyspnea, 
while the other animal, which can breathe freely, but whose brain is 
supplied with blood from an asphyxiated animal, shows every sign of 
respiratory distress. 

Two possibilities evidently exist, therefore. Either the stimulation 
of the respiratory center which results from prevention of the normal 
ventilation of the lung is due to a lack of sufiScient oxygen in the blood 
which supplies the respiratory center, or else it is attributable to the 
accumulation of carbon dioxide in the blood-supply. It may be that 
both of these factors play some part in determining the total result,^ 
but by far the predominant part is that which is played by the accu- 
mulation of Carbon Dioxide, as will be clear from the following con- 
siderations: 

In the first place it has long been known that a very slight increase, 
relatively speaking, in the carbon-dioxide content of the inspired air 
leads to a considerable acceleration and increase in amplitude of the 
respiratory movements. To bring about a like increase, by a mere 
decrease of oxygen, provided thorough ventilation of the limgs be 
secured by unobstructed breathing movements, requires a very much 
greater diminution of oxygen pressure than the requisite increase of 
carbon-dioxide pressure. Then, again, in the performance of muscular 
work there is little or no deficiency of oxygen in the blood, but the 
content of carbon dioxide must be increas^, for the output of carbon 
dioxide in the lungs is increased and, furthermore, the carbon-dioxide 
content of the air contained in the alveoli of the lungs, the Alveolar 
Air, is increased by work. The performance of work being in fact 
accomplished by means of the liberation of energy derived from oxi- 
dations, the end-products of these oxidations, among which carbon 
dioxide and water are predominant, must accumulate in the tissues 
during the performance of work, and therefore be more abundantly 
contained in tlie blood than during rest. The supply of oxygen to the 
tissues, on the other hand, is normally superabundant, and the muscular 
tissues, moreover, contain a certain reserce-store of oxygen, and when 
the>' are excised from the body, they can contract and perform work 
for a considerable period in an atmosphere which is devoid of oxygen. 
In fact, the saturation of the arteri^ Hemoglobin with oxygen is so 
nearly complete in normal respiration that the hyperpnea which 
results from energetic exercise would be devoid of utility if its object 
were the introduction of more oxygen to the tissues. Finally, we 
have seen that Apnea may result from enhanced ventilation of the 
lungs, but this is not due to an increased intake of oxygen or of satu- 
ration of the tissues therewith, for it may be brought about as well by 

1 It is improbable that lack of oxygen is in itself a stimulus to the respiratory center 
or any other tissue. The apparent stimulation, if it occtirs at all, is only indirectly 
attributable to defidency of oxygen. 
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repeated and forced filling and emptying of the limgs by an indifferent 
gas, such as hydrogen or nitrogen, and when this has been done, it is 
found that the carbon-dioxide tension, in the alveolar air and therefore 
in the arterial blood, is decidedly lower than normal. 

The increased carbon-dioxide tension of the blood in obstructed 
breathing is therefore the stimulus which excites the activity of the 
respiratory center. But the carbon dioxide may conceivably act in 
either of two ways upon the center, namely, as a specific chemical 
stimulant, or else indirectly by the increase in the hydrogen ion con- 
centration of the blood which it brings about. ^ 

The experiments of Winterstein were designed to elucidate this 
question. This investigator introduced acids into the blood which was 
passing by the carotid artery to the brain, and he obtained a decided 
acceleration of the respiratory rhythm as a result. Prior to these 
experiments of Winterstein, it had also been shown that in frogs in 
which the floor of the fourth ventricle has been exposed, the direct 
application of acids to this area of the medulla causes acceleration of the 
respiratory rhythm while that of alkalies slows it. Both experiments 
were inconclusive, however, because they did not enable us to ascer- 
tain whether the acids administered excited the center by virtue of the 
hydrogen ions which they contributed to the blood, or by setting free 
carbon dioxide from bicarbonates and thus increasing the carbon- 
dioxide tension of the blood. Subsequent experiments by Laqueur 
and Verasfir threw more light upon the question, tending to show that 
carbon dioxide is a specific stimulant for the respiratory center, for they 
foimd, using Winterstein^s technic, that the nature of the acid added 
to the cerebral circulation profoxmdly affected the result, and the 
eflBciency of the various acids did not run parallel to their “strengtli” 
or dissociation into ions. Carbon dioxide, lactic acid and various fatty 
acids are much more efficient stimulators of respiration than the strong 
mineral acids. 

We have seen (Chapter XIII) that Carbon Dioxide penetrates living 
cells very much more readily than the bases which may be assoc*iate<l 
with it, so that the contents of cells immersed in alkaline solutions of 
carbonates and bicarbonates may actually become more acid than they 
were before. This has been shown in a very striking fashion by Jacobs, 
who employed for this purpose certain flowers in which the coloring- 
matter played the part of an indicator in the protoplasm of ihe cells. 
On floating the flowers in solutions of carbonates and bicarbonates 
even in alkaline mixtures, the change of color of the pigment showed 
that the protoplasm within the cells had actually become more acid. 
We may infer that the superior effectiveness of carbon dioxide and the 
fatty acids as stimulators of the respiratory center originates in the 
comparative ease with which these acids penetrate the nerve cells in 
the respiratory center and render their protoplasm more acid. In tlie 
long run, therefore, the effect of acids upon the respiratory center must 
be attributed to the decrease of Ph which thev induce, but it is the 
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change of Pk within the cells which is efiFective and this, owing to the 
differential permeability of living cells for different acids, and for acids 
and bases, may not run parallel with the changes of Ph in the fluids 
which baliie the cells. 

THE CHEMICAL REGULATION OF THE CIRCULATORY SYSTEM. 

Removal of the Suprarenal Glands in animals, or their destruction by 
disease (usually tubercular) in man, is followed by the rapid appearance 
of intense prostration and muscular weakness. The blood-pressure 
falls to an extremely low level, and death finally supervenes. In man, 
the destruction of the glands by disease is usually somewhat gradual 
and the symptoms are correspondingly slow to develop. They are of 
the same description as those which develop in animals when these 
glands are excised, but, in addition, a peculiar patchy bronze-like 
pigmentation of the skin occurs. The nature of the pigment which is 
deposited in these patches is unknown, but it is highly probable that 
it is chemically related to Adrenaline, for adrenaline, like the Tyrosine 
from which it is probably derived, is readily converted into deeply 
colored substances by oxidizing-agents and by oxidizing-ferments, 
especially by the Tyrosinase which occurs in many vegetable tissues, 
particularly those of fimgi, and also in certain animal tissues, as, for 
example, in tumors arising in the suprarenal bodies (melanomas) and 
in the ink-sac of the cephalopod Sepia. 

The blood-pressure raising substance, adrenaline, which occurs in 
the medulla, or inner portion of the suprarenal gland, is capable, when 
administered intravenously, of correcting the excessively low blood- 
pressure in animals with the suprarenals excised, or in Addison’s disease, 
but it does not avail to prevent the ultimate death of the animals and 
it is probable that other substances essential to life are produced by 
these glands besides adrenaline. It is possible that the cortex of the 
gland, 'which has an epithelial origin and differs both in structure and 
embryological development from the medulla, may play an equally 
essential part in the bodily economy. This is indicated in the first 
place by the fact that serious sjTnptoms of adrenal insufficiency may 
accompany degenerative changes affecting the cortex alone, and further- 
more by tlie remarkable effect of extensive superficial Bums upon the 
cortex. Burns or scalds, if at all extensive, are followed by lesions of 
the suprarenal cortex and especially by minute hemorrhages therein. 
These changes are progressive for several days follo'v\"ing tlie injury, and 
are prominent in instances of deferred death resulting from extensive 
burns or scalds. The unusual abundance of Lipoids, and especially of 
Cholesterol Esters in the suprarenal cortex, is suggestive of a function 
related to the lipoid metabolism, but the nature of this function 
remains unknown. 

It is of the active physiological principle of the medulla, namely. 
Adrenaline, that our faiowledge is most extensive. This substance. 
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when injected intravenously in minute amounts (0.001 mg. and upward 
in a dog), causes a marked rise in blood-pressure (Fig. 26). This 
phenomenon is one of many consequences of the general action of 
adrenaline in stimulating the Myoneural Junctions of the muscles inner- 
vated by the sympathetic system. The action is not upon the nerves 
themselves nor upon their anatomically visible endings, for it is more 
and not less pronounced when the nerve is cut and allowed to degener- 
ate up to and including its anatomical connection with the muscle. 
The action is not upon muscle fibers themselves, for in the first place 
muscles not innervated from the sympathetic system are not affected 
by adrenaline, and in the second place the muscles innervated by the 
sympathetic system are not all affected alike, for if inhibitory fibers 
predominate the muscle is relaxed, while if stimulatory fibers predomi- 



Fiq 26. — Blood-pressure (BP) and bowel volume (J V) of oat At .4, injection of 
adrenaline. The blood-pressure rises and bowel volume diniinishob, iiidioatinp; con- 
striction of the mesenteno vessels As these relax again the blood-piessuic falls Tlie 
vagi had been divided previouslv, so that theie is no secondaiy slowing of the hc.iit 
(After Cushny ) 


nate the muscle is contracted. The glandular tissues are variously 
affected, for if the adrenaline stimulates their secretory activity, the 
contpaction of the bloodvessels and tlie consequently diminished blood- 
supply operate in a contrary direction. In the kidneys the diminished 
blood supply reduces the output of urine. It is not certain whether 
this reduction is wholly due to Ischemia, (diminished blood supply due 
to constriction of the arterioles) or whether it is not also, in part, due to 
a direct effect upon the kidiiey resulting either in a diminished perme- 
ability of Bovman's capsule or an increased reabsorption of water in 
the renal tubules. Nor is it certain that tlie small amount of adrenaline 
which normally circulates in the blood exerts an infiuence upon renal 
excretion, ^ It is true that unilateral removal of the suprarenal gland 
leads to an increased urinary output, or Diuresis, from the corresponding 
kidney, but this may conceivably be due to unavoidable simultaneous 
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injury or stimulation of the splanchnic nerve, which would have a 
similar effect upon the kidney. 

Local subcutaneous administration of adrenaline so constricts the 
adj^ent vessels that its absorption is thereby much delayed and its 
action is prolonged. It is upon this fact that the extensive employ- 
ment of adrenaline in minor surgical operations depends. Bleeding is 
prevented, and an xmobstructed view of the tissues is secured for the 
period of the operation. Furthermore, local Anesthetics simultane- 
ously applied ^are in the diflSculty of absorption, and therefore 
continue their local analgesic action for a longer period than would 
otherwise be attainable. The tendency to postoperative hemorrhage 
is, however, said to be enhanced by adrenaline and it is also to be 
remembered that the normal defense of the tissues against infections is 
supplied by the blood and by the leukocytes which the blood and Ijrmph 
contam, so that a measure of natural protection against bacterial 
invasions is denied the tissues by this procedure. 

An important effect of intravenous injections of adrenaline is the 
appearance of Oltusohemia and its resultant, Glycosuria. The power of 
the liver to polymerize glucose is apparently rendered deficient and the 
normal equilibrium between glycogen and glucose in the liver-tissues is 
gifted in favor of the glucose. The reason for this may possibly lie 
in the gpreatly enhanced activity of the liver Diastase in the presence of 
adrenaline, whi<i has been demonstrated in laboratory-glassware. The 
liver diastase, like the salivary diastase, is inactive in the absence of 
inorgamc salts, while in the presence of salts the optimum Ph for its 
diastatic action varies with the nature of the inorganic ions. In the 
presence of phosphate ions the optimal Ph is 6 2, while in the presence 
of chloride ions, as in the blood, the optimal Ph is 6.8. These are acidi- 
ties considerably above that which prevails in the blood. But in the 
presence of adrenaline in as high a dilution as 1 in 250,000, or even 1 in 
500,000, the optimal Ph for liver diastase has been found by Langfeldt 
to be shifted toward the alkaline side, nearly to the Ph which prevails 
in circulatmg blood, namely, 7.4 Thus, in the presence of this minute 
proportion of adrenaline the Ph of blood, and presumably of the tissues 
of the liver, which was formerly veiy unfavorable for tlie hydrolysis of 
glycogen, now becomes optimal, so that hjdrol^sis occurs with abnor- 
mal rapidity, the balance between synthesis and hj drolysis is ujiset, and 
the blood becomes flooded with sugar. 

On the other hand, it has been found that if considerable quantities 
of acid are injected into the circulation glucohemia (hyperglycemia) 
occurs because, as Langfeldt suggests, the Ph of the blood is shifted 
toward a value, which is more favorable for the operation of diastase 
in ^e absence of adrenaline. Now the injection of considerable quan- 
tities of adrenaline into the circulation leads, in itself, to a diminution 
of ihe alkaline reserve of the blood and, presumably, if this occurs too 
rapidly to admit of immediate compensation by loss of the excess of 
COa from the lungs, it must lead to a shift of the Ph toward the acid 
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side- The question may be asked, therefore, whether the effect of 
adrenaline upon the hydrolysis of glycogen by liver diastase is a direct 
effect or merely indirect, arising out of the alteration of Ph which it 
simultaneously induces? The shift of Ph, which is compatible with the 
maintenance of life, however, is extremely small and would not suffice, 
by itself, to render the reaction of the blood optimal for glycogen 
hydrolysis (see Chapter XII). Nevertheless, the decrease of the Ph 
of the blood consequent upon the presence of excess of adrenaline in 
the circulation must obviously operate to aid the direct effect of the 
adrenaline, by diminishing the shift of Ph optimum for diastase which 
is necessary in order to ensure a maximal rate of glycogenolysis at the 
prevailing reaction of the blood. 

It has been established in many ways that minute quantities of 
adrenaline are constantly present in the blood. That this must be 
continually supplied to the blood by the suprarenal glands follows from 
the fact that injected adrenaline very rapidly disappears from the 
circulation and the tissues, being apparently destroyed or, at all events, 
converted into substances devoid of the typical activities of adrenaline. 
It is, however, a question that is still being debated whether or not the 
small amounts normally present in the blood-stream actually influence 
the tone of the vascular system and help to maintain the normal 
blood-pressure. The extremely low blood-pressure in Addison’s 
disease, however, and the marked effect of adrenaline in raising it, 
stated even to be more marked than in normal individuals, would 
seem to point rather decisively to a constant relationship between the 
function^ activity of the suprarenals and the maintenance of normal 
blood-pressure. 

According to Cannon, however, one of the most important functions 
of the suprarenals is to assemble a group of conditions appropriate for 
the defense of the organism in an emergency. Violent Emotional 
States, such as fear, rage or pain (and also anesthesia), lead to a marked 
discharge of adrenaline from tlie suprarenal glands, and to all the effects 
which arise from intravenous injection of adrenaline. The intravenous 
injection of adrenaline in the cat will, as a matter of fact, elicit very 
many of the most easily recognizable external signs of fear without 
the application of any other stimulus. Thus the hair of the back and 
tail is raised and the pupils of the eyes are widely dilated. It is to tlie 
presence of an excess of adrenaline in the blood that the glycosuria of 
violent emotions, the so-called Emotional Glycosuria, is partly due. It 
has been shown by Macleod that stimulation of the splanchnic nerves, 
which innervate the suprarenal glands, results in the production of 
glucohemia, which is partially attributable, however, to the direct stimu- 
lation of the liver through the hepatic branches of the splanchnics. 

The effect of emotional stimulation, operating through the splanch- 
nics, is to increase the adrenaline in the blood and thereby to increase 
the blood-pressure, quicken the heart-beat and thus enhance the mobil- 
ity of the blood and the rate of access and exit of the raw materials 
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and products of metabolic activities. The liability to external hemor- 
rhages is reduced, owing to the constriction of peripheral vessels, and 
also to a definite reduction of the coagulation-time of the blood, which 
is another result of adrenaline administration. The instantly avail- 
able nutritive materials for the muscle-ceUs are increased by the 
mobilization of sugar-reserves. In short, the animal is placed in the 
best attainable condition for a sudden extreme effort and the sustain- 
ment of possible injury. In conflicts, or in efforts to escape from more 
powerful predatory forms, the suprarenal glands probably constitute 
an essential factor in success or failure. 

THE CHEMICAL COBBELATION OF THE PROCESSES OF 

DIGESTION. 

The arrival of foodstuffs in the stomach is preceded by a considerable 
secretion of Gastric Juice, and, in consequence, the processes of gastric 
digestion are enabled to go forward without delay. The correlation 
between the acts involved in the intake of foodstuffs and the secretory 
activity of the glands of the gastric mucosa is, however, as the classical 
researches of Pawlow have shown, nervous in origin, and not chemical, 
arising in part from reflexes originating in optical and olfactory stimuli 
and in part from gustatory and tactile impressions. The detailed 
consideration of their mechanism belongs, therefore, to the domain of 
physiology rather than to that of biochemistry. The subsequent steps 
in the process of digestion involve, however, a very remarkable series 
of chemical correlations. 

During gastric digestion the pyloric sphincter remains closed, and it 
opens to permit the discharge of the stomach contents only when the 
digestion of the proteins has attained the stage of nearly complete 
c*<)n\ ersion into Proteoses or Peptones. The mechanism which regulates 
the tone of the sphincter is nervous, but the stimulus which releases 
the reflex dilatation is chemical, and consists of the presence in the 
lower end of the stomach of foodstuffs containing a definite excess of 
h\'drogcn ions. This is very clearly showm by the investigations of 
( 'annon, who found that the period which elapses before the first open- 
ing of the sphincter and discharge of Chyme into the intestine, is pro- 
portional to the quantity of substances in the food which are capable 
of neutralizing acids. Thus, solutions of sugar or starches are retained 
for but a brief time in the stomach, but the period of their retention 
may be enhanced very greatly by admixture with substances w’hich 
neutralize free acids. Meat and other dietary constituents which 
contain proteins, on the contrary", are retained for a relatively prolonged 
period. 

When the acid chyme has been discharged into the duodenum in 
suflScient quantity to induce a certain acidity of the contents of the 
upper part of the small intestine, the pyloric sphincter again closes in 
accordance with the general law governing the musculature of the 
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intestine, namely, that any localized stimulus causes relaxation below 
and contraction above the stimulated point. 

"When the Chyme is being discharged from the stomach through the 
dilated pyloric sphincter an augmented outflow of Pancreatic Juice 
is already travelling down the pancreatic duct to meet it. The time- 
relations of the production of the two digestive fluids, gastric juice and 
pancreatic juice, are illustrated by the following data obtained by 
Pawlow: 


Time after 
partaking of food 


Qastnc secretion 
after 100 grams of meat 


Pancrcatio secretion 
after 000 oc of milk 


1 hour 

2 

3 

4 

5 


11.2 
8 2 
4 0 
1 9 
0 1 


8 8 
7 6 
22 5 
9 0 
2 0 


the maximal secretion of pancreatic juice coinciding in time with tlie 
moment when the maximal quantity of chyme is leaving the stomach 
The immediate origin of this phenomenon resides in the acidity of 
the gastric contents which, upon the opening of the pylorus, come in 
contact with the mucosa of the upper part of the duodenum, and, in 
fact, a copious secretion of pancreatic juice may be elicited by simply 
bathing the duodenvim wiA dilute acids, for example, 0 4 per cent 
hydrochloric acid. The same result is obtained if the acid be intro- 
duced into the jejunum, but not when it is introduced into the ileum. 
The exciting agent, however, is not the acid itself, for the injection of 
0.4 per cent hydrochloric acid (one-tenth normal) into the circulation 
is without effect upon the secretion of pancreatic juice. The excitation 
of the pancreas is, on the other hand, not accomplished through a 
nervous reflex because it occurs, and is undiminished, when the portion 
of the intestine which is treated witii acid is isolated from nil ner\ ous 
connections, and, furthermore, it continues after the administration of 
Atropine, which paralyzes the endings of tlie secretomotor nerves. 

The actual intermediary which brings about this correlation is a 
substance, Prosecretin, which is present in the mucous membrane of the 
duodenum and the jejunum, and which is changed by acids into 
Secretin, a diffusible, water-soluble, heat-resistant substance which has 
the property of specifically stimulating the secretory cells of the 
pancreas. If the mucous membrane be scraped from the surface of 
the duodenum and rubbed up in physiological saline solution (0.9 per 
cent NaCl) tlie filtered extract which is thus obtained may be injected 
into the circulation without eliciting any secretion of pancreatic juice. 
If, however, the extract be previously boiled, or acidified and then 
neutralized, the injection will now be followed by a copious secretion 
of pancreatic juice. In normal digestion the transformation of the 
prosecretin in the iluodenal mucosa into secretin is accomplished by 
the acid chyme, and tlie secretin which is formed is carried by the blood- 
stream to cells of the pancreas. 
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Secretin occurs in the mucosa of the intestine in all vertebrates and 
even in the intestines of fishes- It is diffusible, is not destroyed by 
boiling and is soluble in acidified solutions of mercuric chloride, being 
precipitated on neutralization. It appears to be a nitrogenous base, 
and is probably an amine derived by Decarbozylization from an amino- 
acid or from an amino-acid derivative. Acidified extracts of the 
intestinal mucosa and of many other tissues frequently contain )3-Iinma- 
zolyl Ethylamine, but this substance is devoid of action upon the secreting 
cells of the pancreas. The chemical identity of secretin has therefore 
not been established. A nitrogenous base having a similar action upon 
the pancreas is known, however, namely Pilocarpine, a trimethyl 
ammonium derivative from the leaves of Pilocarpus jaborandi. 

It must be stated, however, that acids are not the only substances 
which will bring about a secretion of pancreatic juice when they come 
into contact with the duodenal mucosa. Pats are particularly active 
in causing secretion of the pancreatic juice after their entry into the 
duodenum, probably, however, only after they have been partially 
converted into soaps. The origin of this effect is unknown. The 
Soaps, like other Calcitim Frecipitants, are strong stimulators of nerve 
fibers and nerve endings, and the contention of Pawlow that their 
action upon pancreatic secretion arises refiexly through stimulation of 
nerve endings in the intestine is therefore not unfounded. On the 
other hand it has been suggested that the soaps formed from fats in the 
intestine, convert prosecretin into secretin or into some substance of 
like action, which is carried to the pancreas by the blood-stream. 
Other substances causing an especially abundant flow of pancreatic 
juice are Chloral Hydrate and Ethyl Alcohol. 

The chemical coordination of the processes of digestion does not 
end, however, wdth the coordination of the secretory activities of 
the digestive glands. If care be taken to excise tlie pancreas without 
allowing the tissues to come into contact wdth the mucous membranes 
of the intestine, or if the secretion is collected by means of a cannula 
placed in the duct, so that it is obtained before it touches the intestinal 
surface, it is found that the fluid is devoid of proteolytic activity. 
Yet the moment after it arrives within the intestine a ^ery intense 
proteolytic activity is developed. The reason for this is that Trypsin 
is not present within the tissues or secretions of the pancreas as such, 
but in the form of a proteolytically inactive precursor which is desig- 
nated Trypsinogen. The conversion of trypsinogen into trypsin -will 
not occur spontaneously, under aseptic conditions, even after a period 
of wrecks or months. If, however, the fluid is momentarily acidified 
and then neutralized the conversion of trjT)sinogen into trypsin is 
found to have been completed within the brief period of exposure to 
the action of hydrogen ions. A more prolonged exposure results in 
partial or complete destruction of the trypsin, and since the rate of 
secondary destruction of the enzyme is proportional to the dissociation 
or strength” of the free acid, it is safer to employ, for the conversion 
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of the trypsinogen, a weakly dissociated acid, such as Salicylic Acid, 
which furnishes a suBSciency of hydrogen ions to activate the trypsino- 
gen but decomposes the active trypsin relatively slowly. 

In actual digestion the activation of the trypsinogen may be brought 
about in part, it is true, by the admixture of the pancreatic juice with 
the acid chyme, for the contents of the duodenum are acid to Litmus, 
although alkaline to Methyl Orange, throughout the greater part of 
its length. But that another chemical mechanism exists in the intes- 
tine which is capable of bringing about very rapid and complete activa- 
tion of tryptinogen is shown by the fact that when the pancreatic 
secretion is poured into the empty intestine, the trypsinogen which it 
contains is foimd to have been activated within a very brief period 
after its arrival within the intestine; in fact mere contact with the 
surface of the intestinal mucosa for a few moments suffices to bring 
about a considerable degree of activation, and under such circumstances, 
of course, the reaction of the fluid remains consistently alkaline. 

This activation is brought about by a substance whici is contained 
in the secretions of the intestinal glands, comprising the so-called 
Succus Entericus. The activating constituent is designated Entero- 
klnase, and because of the fact that it is destroyed or inactivated by 
heating, and is, furthermore, active in very small quantities, it has been 
generally assumed to be an enzyme, and in fact Pawlow has termed it a 
“ferment of ferments.” Nevertheless, the proof that enterokinase is 
‘ an enzjme is very imperfect. Many substances are modified by heat 
which are not ^ymes, of course, and the small amount of the material 
required to activate a large volume of pancreatic juice may merely be 
ppressive of the minute quantity of trypsin which is actually present 
in Ae secretion of the pancreas. We have no method of quantitatively 
estimating trypsinogen and enterokinase except in terms of each other 
and we have no data which could enable us to arrive at an estimate of 
the actual weight of trypsinogen which is activated by a given weight 
of enterokinase. More conclusive evidence of the enzymatic character 
of enterokinase w'ould be afforded if we were to find that a limited 
quantity of succus entericus w^ill activate very large quantities of 
pancreatic juice provided, only, that sufficient lapse of time he allowed 
for the completion of the process. But from the results of Hamburger, 
Hekma and others, it appears that the contrary is actually the case, 
and that there is a quantitative relationship between the amount of 
succus entericus which is added to pancreatic juice and the amount 
of trypsin which is produced. 

We have stated that the pancreatic juice, as produced by the secre- 
tory cells of the pancreas, is proteolytically inactive. While this is 
generally the case, it is not necessarily or invariably so. The juice 
obtained by the action of Secretin is, it is true, invariably inactive, but 
juice obtained by stimulation of the secretomotor fibers in the vagus 
usually contains active trypsin, and juice containing preactivated 
trypsm may also be obtained after the administration of certain food- 
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stuffs, particularly diets containing a high proportion of meat. The 
seat and mechanism of this activation are imknown. 

In general, however, it is evident that the proteolytic powers of 
pancreatic juice must be much enhanced by admixture with succus 
entericus, in part through the activation of trypsinogen by entero- 
kinase and in part owing to the fact that succus entericus contains 
Erepsin, an enzyme capable of splitting peptones or casein, but not 
other proteins, to amino-acids. The digestion of protein by mixed 
proteolytic enzymes is always more rapid and complete than when a 
single enzyme is present, because different enzymes attack different 
linkages preferentially so that in the presence of two or more enzymes 
a larger number of amino-acid linkages are rendered susceptible to rapid 
disruption. This being the case it is a fact of interest and importance 
that pancreatic juice itself, according to Pawlow, stimulates, by its 
presence, the secretion of succus entericus. At all events during gastric 
digestion the secretion of fluid from the glands of the intestine is very 
small, but after passage of the chyme into the intestine and the coinci- 
dent inflow of pancreatic juice and bile, the secretion of succus entericus 
is greatly increased. According to some observers, however, this 
increase is attributable to secretin, which is believed by them to 
stimulate the intestinal glands as it does the glandular cells of the 
pancreas. It is diflScult at present to disentangle these alternative 
possibilities, and further investigation is evidently required before the 
relative parts played by secretin and the pancreatic juice itself in 
promoting the secretion of succus entericus can be correctly evaluated. 

THE CHEMICAL COBBELATION OF THE ORGANS OF 

GENERATION. 

The secondary sexual characters of the male, such as the growth of 
tlie beard and the deepening of the voice in man, the development of 
horns in the ram and of the comb and tail-feathers of the cock, have 
long been known to be attributable to the development of the Testes. 
Castration has long been practised both in man and in animals for the 
purpose of preventing the development of secondary sexual characters, 
and of bringing about the psychic and metabolic modifications w'hich 
also accompany the excision of these organs. The removal of the testes 
in man before the onset of puberty prevents the appearance of tlie 
beard and the deepening of the voice which characterizes that period 
of development, and hardening of the epiphyses of the bones is delayed, 
so that the legs and arms grow to an unusual length in proportion to 
the size of the whole body. In certain varieties of sheep only the males 
are possessed of horns, and in these varieties castration of the young 
male altogether suppresses the development of the horns. Similarly 
the castration of cocks suppresses the development of the comb. If, 
however, the excised testicle be implanted in another part of the body, 
as, for example, in the peritoneal cavity, then the secondary sexual 
27 
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cimiacters develop normally, the penis grows to its normal dimensions, 
the seminal vesicles and the prostate develop as if the testes were 
actually functioning as a generative oi^an, and yet not only are the 
testes prevented by lack of communication with the Vas Deferens from 
discharging spermatozoa, but, as a matter of fact, the spermatogenic 
tissues of tile testes dwindle away, and the production of spermatozoa 
actually ceases. The effect of this organ upon the development of the 
secondary sexual characters is therefore, evidently, not attributable 
to its spermatogenic tissues, and appears to be due to the Interstitial 
Cells wUch are normally present between the seminal tubules and 
become increased in number in the tran^lanted organ. Since these 
tissues are provided with no duct for the conduction of their prcxlucts 
to the exterior, the channel of transmission of the substances h*om the 
interstitial c^s, or, as Steinach calls them collectively, “the puberty- 
gjand,” to the tissues which they affect, csan only be the general circu- 
lating media, the blood and lymph. 'Ihe puberty-gland is, in fact, an 
example of Ihe Ductless Glands, or Endocrine Organs. 

The removal of the testes before the attainment of sexual maturity 
leads, therefore, to the suppression or lacdc of devdopment of the sec- 
ondary sexual characters of the male with consequent approximation to 
morphological appearance of the female. The researches of Read upon 
Chinese eunuchs have shown that this approximation to the female is 
not merely superficial, but extends to the deep-seated phenomena of 
metabolism. The urine of young children contains a certain amount 
of Creatine, which is entirely absent from the urine of normal adult males. 
In females the disappearance of creatine from the urine is deferred 
until a later age, approximately coinciding with the onset of puberty, 
and it tends to reappear in the urine at certain periods, namely, the 
periods of menstruation and occasionally during pregnancy or during 
the period occupied by the involution of -he uterus after delivery. The 
urine of the eunuch, however, constantly contains creatine in large 
amounts. The following are illustrative analyses; 

Volume of 


Subject. 

Age 

unne 

Creatinine. 

Croatinc 

Boy 

5 

620 cc 

0 112 gni 

0 026 gm. 

Boy 

11 

460 cc 

0 167 gm. 

0 000 gm 

Girl 

12 

1000 cc 

0 224 gm. 

0 042 gm. 

Eunuch 

18 

910 cc 

0 204 gm 

0 424 gm. 


The close correspondence between the habitual excretion of creatine 
and the absence of the secondary sexual characteristics of the male is 
shown by the fact that in those cases in which castration was delayed 
imtil after the appearance of secondary sexual characters, creatine did 
not occur in the urine. 

Besides lack of development of the secondary sexual characters of 
the male, the removal of the testes at an early age in certain species of 
animals leads to other modifications which are expressed externally in 
greater relative length of the limbs and a tendency to obesity, which 
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latter may, of course, be merely a secondary consequence of lessened 
bodily activity. According to Hatai the removal of file testes in young 
rats frequently leads to eidargement of the Pituitary Gland, and when 
this occurs, no overgrowth or obesity is observed, but these responses 
appear in fiiose animals in which the enlargement of the hypophysis 
does not occur. 

There is a curious relationship between the testes and the involution 
of the Thymus which normally occurs with advancing age- According 
to Hainan and Marshall the removal of the testes in young guinea-pigs 
does not affect their growth prior to the normal age of sexual maturity 
nor does removal of the thymus or the removal of both thymus and 
testes notably affect preadolescent growth in weight, but the removal 
of the testes greatly delays atrophy and in fact actually leads to hyper- 
trophy of the thymus- No interpretation of these observations in 
terms of function can as yet be advanced, but they suggest that the 
thymus may in some measure assume functions which are normally per- 
formed by the testes. The nature of these fimctions we csCn only con- 
jecture, since they are evidently not of such a nature as to lead to the 
development of secondary sexual characters. It must be remembered 
that the total development of an animal gives us no idea of the proper^ 
tional development of its various tissues, and that unless they are 
evidenced by changes of form, important deviations from the normal 
proportional development of tissues may occur without any very notice- 
able modification of the external appearance or dimensions of the 
animal. The correction of some developmental abnormality of this 
character may possibly constitute that function of the testes which is 
capable, in emergency, of assumption by the thymus. 

In the female, the excision of the ovaries leads to a more or less 
pronounced tendency towurd the acquirement of masculine character- 
istics. Yery marked effects upon the male, ho'vvever, are elicited if 
the ovar^" be transplanted into the tissues of a castrated animal of the 
same species. In this case not only do the secondary sexual characters 
of the male fail to develop, but those of the female take their place, 
even to tlie development of the Mammary Glands. Here, again, the 
effect appears to be attributable rather to the interstitial elements of 
the ovary than to the reproductive elements. 

A remarkable instance of the converse effect, namely, suppression of 
female characteristics by secretions from the male organs of generation, 
is supplied by the sterility -which is almost -the invariable rule in the 
females of heterosexual twins in cattle. A female of this type is known 
to cattle-breeders as a Free^-Martin. It has been ascertained by P. R. 
Lillie that in cattle a -twin pregnancy is almost alw^ays a result of the 
fertilization of an o\um from each ovary and development begins 
separately in each horn of the uterus. The ova, in the course of devel- 
opment, however, meet and fuse, and the bloodvessels from each side 
anastomose in the connecting part of the chorion, so that each embryo 
receives part of its blood-supply from the other. Both -the arterial and 
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venous circulation overlap, so that a constant interchange of blood 
takes place. If both are males or both are females no harm results; 
but if one is a male and the other female, the reproductive system of the 
female is largely suppressed in its development, and certain male 
organs even develop in the female. The effect of this is to render the 
female incapable of reproduction. 

An important illustration of the part which may be played by the 
reproductive tissues in suppressing the development of the characters 
of the opposite sex is supplied by an experiment of T. H. Morgan. 
There are certain fowls, known as Sebrights, in which the secondary sex 
characters have ‘'crossed over,^^ so that the males are always hen- 
featliered. When these hen-feathered cocks are castrated they develop 
the long highly-colored feathers of the ordinary male. If the ovary 
of a hen of an ordinary breed is removed she also develops the plumage 
of the cock. Hence, the interstitial tissue of the Sebright cock resembles, 
so far as feathering is concerned, the interstitial tissue of an ovary. 
This stimulates the growth of the hen type of feather and inhibits the 
development of the male type of feather. But the full possibility of 
developing male feathers is latent, and if the influence which favors hen- 
feathers is removed the male type of feathers is enabled to develop. 

A recurrent cycle of changes occurs in the Ovary of the adult female 
which results in the intermittent discharge of mature egg-cells from the 
ovarian tissues into the Fallopian tubes leading into the cavity of the 
uterus. The ovarian tissues contain a number of vesicles lined with 
epithelium and each containing an ovum, which migrate toward the 
surface of the ovary, at the same time increasing in size. These are 
the Graafian Follicles, which periodically rupture, discharging the ova 
which they contain. The discharge of the egg into the Fallopian tubes 
may or may not coincide with the period of menstruation, in fact such 
evidence as we possess tends to ^ow that the two processes, while 
coinciding approximately in frequency, do not occur with stric‘t syn- 
chrony. The ruptured Graafian follicle, after the discharge of the 
ovum, undergoes a series of degenerative changes which culminate in 
the formation of the Corpora Lutea, which when mature apj^ear as 
spherical masses of yellovish cells, disposed in a more or less columnar 
manner, the columns of cells radiating from the center. 

The Menstrual Fluid in man consists of blood and shreds of cast-off 
uterine epithelium, diluted by the secretions of the mucous glands of 
the uterus.^ It contains a very high percentage of Calcium, and for this 
reason Blair Bell has suggested that it may be related phylogenetically 
to the egg-shell of birds or of a remote common ancestor of the birds 
and mammals. However this may be, a considerable storage of cal- 
cium occurs in the tissues of the female prior to menstruation, and this 
excess of calcium is suddenly discharged during the period of menstrua- 
tion. Having regard to the immense importance of the precise value 
of the ca ratio in determining the susceptibility of nervous tissues to 
stimuli, it appears not unlikely that some of the nervous accompani- 
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ments of menstruation, and particularly the hyperirritability of the 
uterus which leads to the phenomenon of pauiful menstruation or 
Dysmenoirhea, may be attributable in part to the sudden reduction of 
the calcium-content of the tissues whi^ occurs at this period. 

The menstrual blood usually does not clot at all, or if it clots it does 
so very slowly. This remains the case even if fibrinogen be added to 
it, and, as we have seen, calcium is not lacking. It can hardly be 
deficient in cephalin or thrombokinase, since Qie fluid contains so 
much material arising from the breaking down of the tissues lining the 
cavity of the uterus. It appears likely, therefore, that the mucous 
secretions of the uterus contain a substance similar to Antilhrombin or 
hirudin in its action upon the coagulation of blood. 

When the fertilized egg becomes imbedded in the wall of the uterus a 
proliferation of the uterine wall results in the outgrowth of a Placenta 
which subsequently pro^ddes the developing embryo with circulating 
blood derived from the mother. We have here a remarkably exact 
coincidence of events and we are led to inquire why the tissues of the 
uterus are aroused to the production of ^is outgrowth at the very 
moment when it is about to be required? 

An answer to this question has been afforded by the ver^" important 
discoveries of L. Loeb. This observer has found that in the female 
guinea-pig, for a period of some ten days following the phenomenon of 
Ovulation, any injury to the uterine wall results in the outgrowth of a 
placenta. The injury may be of the nature of a slight incision, in 
which case a localized growth occurs vrhich may be duplicated at other 
points in the uterus, so that as many as twenty different placentse may 
be formed in this way in a single uterus. Or the injury may consist of 
the irritation afforded by the presence of a foreign object, such as a 
thin glass rod or a number of particles of paraflBn. In this case the 
growth of placental tissue may become so great as to interfere with the 
nutrition of the newly formed tissue and induce its degeneration and 
autolysis. The formation of placentse is prevented if the ovaries are 
extirpated or even if the Corpora Lutea which they contain are excised. 
The stimulus which arouses this reaction of the uterus to mechanical 
irritation comes, therefore, from the corpora lutea. If the corpora lutea 
are not excised at once and placenta? are permitted to form, they attain 
a smaller size and degenerate more rapidly if the ovaries or the corpora 
lutea are excised before their full development is attained. 

Among the many correlations which underlie and render possible 
the development of the embryo, the next into which we have attained 
some measure of insight is that which obtains between the development 
of the embiy'o and the development of the Mammary Glands of the 
mother. As the fetus grows the mammary glands of the pregnant 
female hypertrophy until a portion of the hypertrophic tissue begins to 
break down and give rise to a secretion of milk, and this stage of 
development is attained at the moment when the fetus is approaching 
the full term of gestation and is about to be delivered. 
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It has l)een ascertained that this remarkably exact synchrony of the 
development of such widely separatetl organized bodies as the fetus 
and the mammaiy glands of the mother is brought about by the cir- 
culation in the blood of some as yet imidentified substance which is 
elaborated by the tissues of the Placenta. If a saline extract of the 
placent*e of rabbits be injected repeatedly into the circulation of virgin 
rabbits, the mammary glands hypertrophy just as they would if Qie 
animal were pregnant, and finally secrete milk which may be expressed 
from the nipples. Another factor, however, which may possibly con- 
tribute to the development of the mammary glands and their secre- 
tion of milk is the slight measure of hypertrophy of the Pituitary Gland 
which invariably accompanies pregnancy. The boiled aqueous extract 
of the posterior lobe of the pituitary gland contains a nitrogenous base 
of unlmown constitution, designated Pituitiin, which increases the 
irritability of the muscular walls of the uterus, causes an increase in the 
volume of the urine and stimulates the secretion of milk, the latter 
effect being a very unusual one for any pharmacological agent to bring 
about. The large and repeated dosages of placental extract which 
Starling and Lane-CIaypon found to be necessary to bring about the 
degree of hypertrophy of the mammary glands which is requisite for 
the production of milk, may possibly have been attributable to the 
absence of the assistance, in these experiments, which is afforded in 
actual pregnancy by the enhanced activities of ^e pituitary body. 

That the hyperdevelopment of the mammary glands of the mother 
is due to the presence of stimulators circulating in the blood, and not 
to any reflex nervous stimulation of the glandular tissues, is shown, not 
only by the above-cited experiments, but also by the fact that the effect 
of these substances is not confined to the mother, but extends to the 
embryo, which is not connected by any nervous channels with tlie 
tissues of the mother. It is a familiar fact that the breasts of newborn 
infants frequently secrete a few drops of milk or may be made to do so 
by brief manipulation of the nipples. The milk, thus obtained was 
Imown in former days as “witches’ milk” and was accredited by tlie 
lady practitioners of a hundred years ago with many important prop- 
erties of a supernatural description. 

When the development of the embryo has reached a certain stage, 
nterine Ckmtractions bring about the expulsion of the fetus. We have 
here another example of curiously exact coincidence in time. It is not 
a question of the size of the devdoping fetus ultimately bringing about 
such a degree of distention of the uterus as to induce a special tendency 
to contraction, for even the same individual may deliver infants in 
successive births of varying size in proportion to the bodily dimen- 
sions of the mother. The moment of delivery is, in fact, primarily 
determined by physiological factors in the mother rather than by the 
stage of development of the fetus at term. This may be very clearly 
seen by comparing the Variability of the duration of gestation with 
the variability of the weights of the infants which are delivered. 
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The ordinary method of measuring the variability of any quantity 
which is adopt^ by statisticians consists in expressing it in terms of the 
percentage ratio of the Standard Deviation of the quantity measured to 
its average value. The standard deviation is the square root of the 
mean square of the observed deviations from the average. Thus, 
consider the following illustrative sets of measurements. 


1 

11 

101 

2 

12 

102 

3 

13 

103 

4 

14 

104 

5 

15 

105 


It is obvious at a glance that the figures in the first column are very 
variable, those in the second column moderately so, and those in the 
third volume relatively invariable or approximately constant. When 
we wish to express this impression in arithmetical terms we proceed as 
follows: 


\verage of the first Average of the second Average of the third 

column column column 

3 13 103 

the deviations from the average are in in each case 2, 1, 0, 1 and 2. The 
sum of the squares of these deviations is 4+1+0+1+4 = 10. The 
mean square is therefore 2 and its square-root, which is the standard 
deviation, is 1.414. The variability of each of the columns of figures 
is the ratio of this quantity to the average, expressed as a percentage, 
which works out as follows. 

Variability of first Variability of second Variability of third 

column column column 

47 1 per cent 10 9 per cent I 37 per cent 

Our impression of the relative variability of the three columns of 
figures is thus expressed in quantitative terms, the actual meaning of 
the results being that in the fiirst set of figures two-thirds^ of tlie 
recorded values will be found to differ by less than 47.1 per cent from 
the mean, in the second set two-thirds of the recorded \ alues will differ 
from the mean by less than 10.9 per cent of its value, and in the third 
set of recorded values two-thirds will fall within 1.37 per cent of the 
mean. 

Applying this method to the study of the comparative variabilities 
of the period of gestation and of the w’eights of the infants delivered 
thereafter, we find that the two variabilities bear no proportion to 
one another, for while the variability of the weight of newborn infants 
is 14 per cent, that of the length of the period of gestation is only 4 
per cent. There can be little mfluence exerted by the size of the fetus 
upon the length of gestation, therefore, for otherwise the variability 

^ Or, more precisely, 68.27 per cent. 
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of the period of gestation would be nearly as great as the variability of 
the aze of infants delivered. It is evident that heavy infants are 
carried in utero for a longer period and light infants for a shorter period 
than would correspond to ^eir relative development. 

We must therefore look to maternal rather than to fetal events for 
the source of the determination of the period of gestation. Now the 
investigation of the physiological condition of the mother yields indica- 
tions of two factors which, as the term of pregnancy approaches, must 
enhance the muscular irritability of the uterus. The first is the hyper- 
trophy of the Pituitary Gland, to which reference has been made above. 
The aqueous extract of the posterior lobe exerts a very marked effect 
upon the excised uteri of animals, inducing powerful contractions, 
especially in the pregnant uterus. The active constituent may be 
relal^ to but is not identical with /S-lminazolyl Eithylaiiiine. We may 
assume with probability that the hypertrophy of the gland which 
accompanies pregnancy may result in the presence of this substance in 
increasing amounts in the blood-stream until, finally, the hyperirrita- 
bility of the uterus, with the assistance of the second active substance 
about to be noted, reaches a stage culminating in contractions which 
expel the fetus. 

The second factor which operates in the direction , of promoting 
contraction of the uterus is the presence of a substance in the Colostrum 
or first secretion of milk, which causes contractions of the pregnant 
uterus. In fact abortion has been brought about in pregnant cattle 
before the normal period of delivery by injections of colostrum from a 
normal cow. Colostrum differs in many respects from the milk which 
is subsequently secreted. This will be clear from the following analyses 
of cows’ milk by Konig. 


Other 


Per 1000 

Water 

Solids 

Casein 

protein 

Pats 

Hukui 

Salts 

Colostrum 

. 746 7 

253 3 

40 4 

136 0 

35 9 

20 7 

15 r> 

Milk 

. 871 7 

128 3 

30 2 

5 3 

36 9 

48 8 

7 1 


It has been recognized from a remote period that colostrum has a 
cathartic action upon the infant, so that the substance inducing 
uterine contractions may possibly be a general muscular stimulant. 
Its chemical nature is, however, unknown. 


THE CHEMICAL SEGCLATION OF METABOLISM. 

The activities of our various tissues are so closely interwoven witli 
one another, and the various organs of the body are so intimately 
dependent upon one another for the raw materials which they elaborate 
into finished products, or the disposal of waste products which might 
otherwise be deleterious to the well-being of the whole bodily economy, 
that the complete analysis of the codrdinate factors of our total metab- 
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olism would involve a survey, necessarily incomplete at the present 
stage of our knowledge, of the whole gamut of physiolo^cal activities. 
Without attempting to embark upon such an ambitious review, -there 
are certain ou-ts-tanding factors in -the regulation of metabolic activity 
which compel our attention here, because the regulatory action which 
they exert would appear to constitute the prime fimction of the tissues 
(K>ncerned. 

The most s-triking effects upon the general metabolism of the body are 
those which are exerted by the tissues of the Thyroid. Our attention 
was first drawn to the importance of this gland in the bodily economy 
by pathological conditions which are endemic in certain localities and 
sporadic in all human communities. The disorders resulting from 
improper functioning of the thyroid fall into two main classes, those, 
namely, which result from subnormal devdopment or acti-vity of the 
gland and those which result from its overactivity. 

The condition of Myxedema arises when the thyroid fails to develop 
prop>erly, or, in later life, is extirpated, or injured by degenerative 
changes. If the failure of the gland occurs in childhood, intellectual 
development is arrested and the condition known as Cretinism super- 
venes. The expression is idiotic, -the skin is greatly thickened through 
the overdevelopment of comiective tissue and the features are conse- 
quently coarsened and brutalized. In adults, extirpation or destruc- 
tion of the gland by disease resul-ts in similar symptoms (Figs 27 and 
28), but the intelligence, although it becomes very sluggish, remains 
far above the level of an idiot. The temperature of the body is sub- 
normal, -the total metabolism is much reduced, and -the daily nitrogen 
output is subnormal. These conditions, if taken in hand early, are 
completely curable by the administration of extracts or dried prepara- 
tions of the thyroid gland. This is, in fact, the most completely success- 
ful instance of organotherapy to which we are as yet able to point, and 
provided the administration of the glandular preparations in appro- 
priate dosage be continued, individuals who would otherwise ejchibit 
most extreme symptoms of the disorder remain in satisfactory health, 
with unimpaired intelligence and vigor. 

The active and remedial constituent of the gland is associated with 
the Iodine which the thjToid contains and which distinguishes it 
chemically from all other tissues of the body.^ While the iodine-con- 
tent of the thyroid varies very much, not only in different species of 
animals but in different individuals of the same species, yet the minimal 
content of iodine which is consbtent with normal functioning of the 
gland is very nearly constant and, on the other hand, the remedial 
value of a thyroid preparation -tends to be proportionate to its iodine- 
content. The nature of the active iodine compound has been the 
subject of very many and extensive investigations. The experiments 

^ The alleged presence of iodine in the pituitary ^and has not proved possible to 
confirm. 
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of Oswald showed that tlie active substance, as it exists in the glandular 
tissue, is either an iodized protein or closely associated with a protein 
which he temaed Tbyreoglobolin. Bauman found, however, that the 
partial hydrolysis of Oswald’s thyreoglobulin by means of sulphuric 
acid did not destroy its therapeutic activity, but that a fraction of the 
hydrolytic cleavage-products which he termed IbdoQisrrin retains the 
original activity of the thyreoglobulin. 'Ihis substance, according to 
von Purth, is related to Ae “humin” substances which form in acid 



Flu. 27 — Cachexia stiumipnva follcwing total eztiipatioii of thyroid, elevon yciWH 
after operation. (After Kocher ) 

hydrolyses of protein in the presence of carbohydrate radicals, and are 
considered by Gortner and Blish to arise from the Tryptophane groups 
of the protein molecule. This fact has received peculiar significance 
as a result of the recent researches of E. C. Kendall, who has succeeded 
in still further fractionating the hydrolytic cleavage-products of 
thyreoglobulin without destroying its therapeutic activity. By 
hydrolyzing thyreoglobulin in alkal^e alcohol two groups of products 
are obtained. The one group is insoluble in dilute acids, the other is 


THE CHEMICAL REGULATION OF METABOLISM 


427 


soluble. The acid-soluble substances are physiologically and thera- 
peutically inert and they contain very little iodine. The acid-insoluble 
substances contain a high proportion of iodine, and are physiologically 
and ^erapeutically potent. By further fractionation Elend^ obtained 
a white crystalline product containing 60 per cent of iodine, whicii was 
vep’’ active therapeutically and proved to be a derivative of Indole, 
being ther^ore related to tryptophane. This compound, which Eien- 
dall designates Thyroxin, is tri-hydro-tri-iodo-oay - j8-mdole propionic 



Fitj 28 — The same patient as in Fig 27, five months after thyroid administnitKJii 

(After Kocher } 

acid, and the following constitutional formula has been confirmed by 
synthesis . 


HI 

c 



IHC C C CH 2 CH*.COOH 

I I I 

IHC C C=0 
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This substaince is capable of assuming various forms through internal 
rearrangement of its constituent atoms. On heating or exposure to 
light solutions of the substance become pink. It yields a yellow color 
with nitrous acid which changes to red on adding ammonia. The 
carbonyl group of thyroxin combines with the H 2 N- group of amino- 
acids, and these compounds are physiologically active.^ The imino- 
group also reacts with the carboxyl group of amino-acids, but these 
compounds are physiologically inert. 

The administration of an excess of thyroid tissue to animals or man 
is accompanied by a very marked acceleration of metabolism. On a 
normal mixed diet the total heat-output may be raised 100 per cent. 
The effect of this enhanced metabolism is to cause a reduction of weight 
due to loss of tissue, and especially of fat, and it is for this reason that 
thyroid extract is the chief and only effective constituent of a variety 
of Obesity-enres. Unfortunately, however, the nitrogenous output is 
proportionately increased, so that the obese person loses not only fat, 
but also tissue-protein, which he frequently can ill afford to spare. 
Furthermore, distressing or even dangerous cardiac symptoms are 
liable to supervene with overdoses of thyroid extract, or even witli 
moderate doses if the thyroid of the patient is normally active, so that 
the unrestricted use of Ayroid preparations by the public is attended 
by serious danger. 

The stimulation of the destruction of nitrogenous tissue-constituents 
which follows the administration of thyroid is extremely striking. 
Thus, Rhode and Stockholm have found that in dogs receiving only 
sugar as a diet, so that the nitrogenous output was minimal, the output 
was increased fifty per cent by so small an amount as 0.10 to 0.15 
gm. of dried thyroid tissue per kilogram body-weight of the animals. 
Arguing chiefly from the fact that his crystalline active fraction reacts 
witii amino-acids, combining with the amino-group, Kendall has 
advanced the view that the thyroid secretion catalyzes the process of 
Deaminization, of amino-acids. The power of deaminizing amino-acids 
is known to be shared by all the tissues and the stimulating effect of 
thyroid extract is likewise common to all tissues. The question is an 
extremely difficult one to decide, for when we recollect tliat tlie proteins 
of the tissues stand in a relation of equilibrimn to the reserve amino- 
acids which they contain, and that these in turn are in equilibrium witli 
the amino-acids circulating in the blood, it is evident that anytliing 
fending to break down the amino-acids which have not yet become an 
integral part of the living tissues must also indirectly lead to tlie 
breaking down of tissue-protein, and the stimulation of endogenous 
catabolism. In support of Kendall’s theory, however, may be cited 
the facts that hyperthyroidism, as in exophthalmic goiter, is aggra- 
vated by a ffigh protein diet, and that the effects of thyroidectomy 
are more serious in carnivorous than in herbivorous animals. He has 
also made the important observation that whereas the intravenous 
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injection of Thyroxin produces no apparent effect upon heart-beat or 
blood-pressure, the simultaneous injection of Thyroxin and amino-acids 
produces a profound and immediate effect: quickening the heart-beat 
and lowering the blood-pressure. Death may result, due, apparently, 
to the products arising from overrapid deaminization of the amino- 
acids. 

It has been discovered by Gudematsch, and the fact has repeatedly 
been confirmed, that frog-larvae may be induced to metamorphose 
prematurely by the administration of thyroid tissue. A most ingenious 
application of this discovery has been made by Laufberger, Jensen and 
Huxley. In the group of tailed amphibians, the newts and salaman- 
ders, development is arrested at various stages corresponding to larval 
stages of development in the frogs and to^s. The retention of the 
tail is one feature of afiShity to tibe frog-larvae, but, in addition, the 
Axolotl (Arribly stoma), Proteus and Necturus retain gills throughout 
the duration of their lives. It has been shown that metamorphosis, 
with absorption of the gills, may be induced in Axolotls by prolonged 
enforcement of air-breathing, but in order to induce metamorphosis by 
this means from three to four months is required. By administering 
thyroid tissue Jensen induced metamorphosis in from seventeen to 
fifty days, Huxley and Hogben in from twenty-four to thirty-two days; 
moreover, the initial size of the animals makes little difference to the 
time required for metamorphosis, although growth in weight or length, 
both in frog-larvae and Axolotls, is arrested by the administration of the 
thyroid tissue. Hence the metamorphosed animals are smaller than 
they would have become in the absence of the thyroid administra- 
tion. 

In Proteus and Necturus no similar effect could be induced, although 
a slight reduction of the gills occurs in Necturus, 

According to Swingle, the administration of Iodides or of Iodine to 
frog-larvae is just as effective as thyroid tissue or thyroxin to induce 
metamorphosis. Jensen, and Huxley and Hogben failed, however, to 
secure metamorphosis in Axolotls by the administration of iodine, 
while in Salamandra and Triton, in which metamorphosis normally 
occurs, it w^as decidedly accelerated by iodine. In the opinion of 
Swingle, all tissues, but especially the thyroid, are able to synthesize 
the metamorphosis-accelerating agent from iodine, and its amount, 
presumably, depends to a large extent upon the amount of iodine 
a\ ailable. 

The continued administration of Thyroid tissue to animals in doses 
of from TirVir body-weight leads to hypertrophy of 

the Heart, Liver, Kidney and Suprarenals with disappearance of fat 
and retardation of growth. There is thus a profound displacement of 
the normal proportional development of the various tissues and organs 
w^hich compose the animal. Thjnroxin in dosage of one part to a 
million of body-weight produces similar effects, but iodides, even in 
100 times the equivalent dosage, do not produce any effect upon 
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growth-rate or hypertrophy of organs. The effect of thyroxin -upon 
the mammal, at all events, is therefore specific. 

A remarkable effect of administration of thyroid tissue to mice is 
the extraordinarily increased tolerance for Acetonitrile to which it 
leads. Heid Hunt has found that if 0.1 mg. of dried thyroid tissue 
be a^inistered to mice on ten successive days, they will with- 
stand ten times the normal lethal dose of acetonitrile, administered 
subcutaneously, and indeed he proposes this enhanced tolerance to a 
specific substance as a test for the activity of various thyroid prepara- 
tions. The significance of this effect is, however, uncertain because 
it is not universal; in fact in such a closely allied animal as the rat, 
administration of thyroid tissue, so far from enhancing the tolerance 
for acetonitrile, actually renders the animals more sensitive than usual 
to intoxication by this poison. 

HyperOiyroidism occurs spontaneously in the condition known as 
Basedow’s Disease, or Ezophthalime Goiter. This condition is accom- 
panied by enlargement of the gland and a marked increase of secreting 
cellular elements, the interspaces filled with colloidal material, which 
are characteristic of the structure of this gland, being much reduced 
in size. There is a greatly enhanced metabolism, the calorific output 
being frequently twice normal. The effect of administering sugar is 
to raise the Respiratory Quotient, or ratio of COg output to O 2 intake, 
almost immediately to unity, which is the value characteristic for carbo- 
hydrates. (See Chapter XXIII.) In normal persons the respiratory 
quotient rises much more slowly in response to the admimstration of 
carbohydrates. There is no inability to oxidize carbohydrates. On 
the contrary, the rate of metabolism for all classes of foodstuffs is 
enhanced. It appears, therefore, that sugar administered to a person 
suffering from Graves’ disease is not stored in the liver to the same 
extent as it is in normal individuals, but is utilized at once. This fact 
may be related to the observation of Langfeldt that thyroid extract, 
when mixed w'ith Adrenalme, increases the optimal Ph for the hydrtil- 
ysis of glycogen by diastase. Proportions of adrenaline and thyroid 
extract, which are separately inadequate to noticeably affect this ri*a<‘- 
tion, when acting together are able to increase the optimal Pn to the 
level which prevails in blood (see p. 411), 

The effect of the increased rate of metabolism is to upset the balance 
between intake and output to the advantage of the latter, so that there 
is a slow progressive loss of weight. The heart-beat is accelerated and 
may become incoordinated (Tachycardia). The temperature is super- 
normal, the nervous system hyperirritable and the blood-pressure is 
usually abnormally high. The rate and intensity of living is in fact 
increased in all its aspects, and frequently to a dangerous extent. The 
administration of thyroid preparations, or in fact of any iodine-contain- 
ing substance, may lead to a reduction of the Hyperplasia of the epithe- 
lium of the gland, and an increase in the quantity of colloidal material, 
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that is, to a return toward the normal structure. It is a question 
whether the symptoms of Graves’s disease are primarily attributable to 
hyperfunctioning of the gland. The remedial ^ects of iodine would 
point rather towards a deficiency of the iodine-containing principle as 
the origin of the hyperplasia of the secreting epithelium wHch charac- 
terizes the disease. In fact the iodine cont^t of the hyperplastic 
gland may actually be below normal, and a similar condition may be 
aroused in the residue by excision of a considerable portion of the gland, 
as if the effort of a small part of the thyroid tissue to assume the 
functions of the whole stimulated a proliferation of the epithelial 
elements. On the other hand it must be recollected that a deficient . 
content of aiQr substance in a secreting gland does not necessarily mean 
that the production of the substance is cQminished; it may merely mean 
that its rate of discharge from the gland is abnormally Mgh, so that it 
has no opportunity to acciunulate within the tissues of the gland itself. 

It is not postible to induce all of the symptoms of Graves’s disease by 
the administration of an excess of thyroid tissue or extract to normal 
indhiduals. Whatever may be the origin of the disease, it is by no 
means, in its full development, solely characterized by hyperfunctioning 
of the thyroid. The whole sympathetic system is in a state of heightened 
excitability, and in consequ«ice all organs which are under sympathetic 
control are hyperfimctioning, or else present various stages of hjpo- 
fimction due to the exhaustion or injury consequent upon previous 
hyperactivity. 

The prevalence of Myxedona and Groiter in certain geographical 
areas and particularly in mountainous or hilly regions, and the com- 
parative rarity of such conditions elsewhere, has led us to ascribe the 
endemic forms of thymid disease, directly or indirectly, to localized 
physiographical or geological conditions. Even in the day’s of Marco 
Polo, the prevalence of Gkiiter was attributed to a peculiar quality of 
the water in the localities affected,* and this impression still prevails 
both in medical and in lay’ circles. Endemic goiter is, in fact, peculiarly 
associated witli mountainous regions or plains and plateaus which are 
far removed from the sea, or separated therefrom by’ mountain ranges. 
Thus, it occurs in the Alps, the Py’renees, the C arpathians, the Hima- 
lay’as, the Caucasus, the Andes, the eastern slopes of the Rocky' 
Mountains, the Cordilleras, the Ural and the Altai mountains. On the 
other hand, there are certain moimtainous regions, in Norway, for 
example, and in Scotland, -where goiter is almost unknown. It fre- 
quently’ occurs in marshy’ districts and is not unknown on seacoasts, 
since it occurs in the delta of the Ganges, in the vicinity’ of Manila, at 


1 Departing from thence” (Samarcand; “you enter the pro\mce of Karkan . . . 

The people . . are in general afiSicted with swellings in the legs and tumors in 

the throat, occasioned by the quality of the water they dnnk ” The “swellings m the 
legs” are attributable to a nematode worm, Filarta medinensis of which the “earner,” 
op intermediate host, is a mmute fresh-water crustacean, Cyclops, 
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Christchurch in New Zealand and in the neighborhood of Hobart in 
Tasmania. 

The enlai^ement of the thyroid in simple goiter is due to Hyperplasia 
of the interstitial tissue of the gland, with relative or absolute decrease 
of the actively secreting cells and the colloid which is contained in the 
vesicles. Similar hyperplasia may be induced, as Marine has shown, 
by deficiency of iodine in the dietary. Now the atmosphere in the 
neighborhood of the sea, before fog or rain has precipitated the sus- 
pended mist or spray arising from the breaking of waves, contains an 
appreciable amoimt of saline material derived from the ocean. Thus 
the interior lakes of Australia, such as Lake Collabonna, are replenished 
only by rain, yet their salinity is progressively increasing, owing to the 
salts contained in suspended ocean water, which is precipitated to- 
gether with the rain. Ocean water contains much more iodine than 
well- or stream-water, and it is unquestionably owing to this fact that 
the thyroids of sheep pastured at the seacoast contain twice as much 
iodine as those of animals which are pastured inland (Hunter and 
Simpson). Since the physiological activity of the thyroid is deter- 
mined by its iodine (or Ihyroxin) content, it is evident that a strain must 
be cast upon the thyroid, both in the matter of selectively assimilating 
iodine and in maintaining its functions at the full, when the supply of 
iodine is insufiScient, as in regions distant from the sea, or regions in 
which the prevailing winds have been deprived of suspended spray by 
precipitation on the flanks of moimtain barriers. 

That insuflSciency of iodine is not invariably the sole cause of 
endemic goiter and myxedema is shown, however, by the fact that it 
does occasionally occur, especially in marshy localities, in close proxim- 
ity to the sea, and, furthermore, by the fact that goiter can be artifi- 
cially induced even while the dietary contains a normal sufiiciency of 
iodine. Incipient enlargement of the thyroid may, however, frequently 
regress under iodine administration (Marine and Kimball), and this 
fact may indicate that deficiency of iodine in the dietary predisposes 
the thyroid to failure of function under the strain of conditions which 
are probably much more widely distributed than the disease itself. 

It has been showm by Gaylord and Marsh that the goiter which 
occasionally occurs in fishes inhabiting confined waters, is due to con- 
tamination of the water by fecal or other decaying matter. It has 
furthermore been shown by McCarrison that goiter may be artificially 
induced in animals (rats and fishes) by administering to them water 
contaminated by feces. The histological changes in the gland and the 
general effects upon growth and metabolism appear indistinguishable 
from those of human endemic goiter. Moreover, in villages in India 
in which goiter prevails and which are situated one above 5ie other on 
an improteeted w'ater-supply, such as a mountain stream, goiter shows 
a steady increase in prevalence from above downward, tiiis increase 
being dependent upon the increasing impurity of the water. Goiter 
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has also been produced in the human subject by the experimental inges- 
tion of the residue left on a porous porcelain filter after passage through 
it of water known to be productive of goiter. From these and many 
other data, McCarrison concludes that hypothyroidism and the conse- 
quent goiter or myxedema are results of intoxication arising from the 
absorption of bacterial products which originate either in polluted water 
or in putrefactive processes occurring in the intestine of the individual 
affected. It appears probable, in the light of these researches, that an 
investigation of the circumstances whicii favor or discourage intestinal 
putrefactive or fermentative changes may ultimately reveal the 
origin of many variations of thyroid activity and tone of the sympa- 
thetic nervous system which occur among the individuals comprising 
populations in districts where the extreme manifestations of goiter or 
myxedema are absent or very rare. 

It may here be pointed out that deficient functional activity of the 
thyroid might be expected to lead to deficient deaminization of circu- 
lating amino-acids, and therefore to deficient desaturation of the tissue- 
stores of amino-acids during the intervals between assimilation. The 
absorbing tissues of the intestine might be expected to share in this 
deficiency, and the cells of the intestinal epithelium, being already 
loaded with amino-acids, might be expected to defectively assimilate 
the amino-acids presented to them in the dietary. If this occurs, and 
extensive residues of unabsorbed amino-acids pass into the large intes- 
tine, putrefactive processes will be thereby encouraged. But these, in 
turn, as the work of McCarrison has showTi, must result in further 
injury to the thyroid, so that, as so frequently happens in disturbances 
of metabolic function, a vicious cycle is set up which promotes an 
increase of the existing defect. 

Yet another possible factor in the etiology of hyperplasia of the thy- 
roid has been indicated by E. and M. Mellanby. These observers have 
noted that thyroid hyperplasia may be induced in dogs by the admin- 
istration of diets containing a high proportion of unsaturated fats, such 
as butter-fat, and they have also found that the syTnptoms of Graves’s 
disease, which may be regarded as arising out of an exaggerated effort 
of the thyroid to overcome conditions which have thrown an undue 
strain upon it, are intensified by a similar diet. Curiously enough the 
experimental hyperplasia is reduced and the symptoms of Graves’s dis- 
ease are lessen^ by cod-liver oil, which is exceptionally rich in unsat- 
urated fatty acids, but this they attribute to the high iodine content of 
cod-liver oil. The suggestion has been advanced that unsaturated 
fats may reduce the available iodine in the diet by uniting it to the 
unsaturated linkages. Incomplete absorption of an excess of these 
fats in the diet would then lead to loss of the iodine through its discharge 
in the feces. 

The question has frequently been raised whether there is a heredi- 
tary factor in the etiology of thyroid insuflSciency. It is easy to see how 
28 
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such an impression may arise in districts in which these diseases are 
endemic, for whole families will obviously be subjected to the condi- 
tions in which the diseases originate. Even the sporadic occurrences 
of thyroid disease, however, are frequently familial in character. This 
fact does not necessitate the conclusion that the disease is inherited, in 
the sense that it arises out of a transmitted peculiarity of the germ-cells 
of the parents, for, as McCarrison has pointed out, thyroid deficiency 
in ^e mother throws an undue strain upon the thyroid of the fetus in 
utero, so that a mild degree of hypothyroidism in the mother may 
evince itself in the cretinism of her offspring. Obvioudy a condition 
of moderate hypothyroidism, with sporadic manifestations of a more 
extreme character, might descend in this way, through the females, 
from generation to generation, without in any way involving abnormal- 
i-^ of the genetic constitution of the individuals concerned. Given a 
full restoration of normal conditions, therefore, we are justified in 
fuMiiming that the chain of apparent “inheritance” would be broken 
and that tiiyroid insufSciency would not again appjear until imposed 
by external events, such as de^ciency of iodine in the dietary, or intoxi- 
cation by poisons of bacterial origin. 

Lying just above the thyroid, or, in some animals, imbedded in 
the thyroid tissue, are a variable number (two pairs in man) of small 
glands, known collectively as the Parathyroids. Structurally they differ 
essentially from the thyroid and evidently they also differ from the 
thyroid very decisively in function, for their excision leads to quite a 
different sequence of events from those which follow thyroidectomy. 
The removal of the parathyroids, if complete, results in acute neuro- 
muscular symptoms which are collectively designated Tetany, and 
which resemble very closely a condition which not infrequently arises 
spontaneously in young children. For a little time succeeding para- 
thyroidectomy, no abnormalities appear, but within forty-eight hours 
tremors are observed in the extremities, followed by involuntary con- 
tractions of more and more muscles of the body until, finally, convul- 
sions supervene, terminating after several days m death. The condi- 
tion is completely relieved, according to W. G. Macallum, by tlie 
administration of Calcium Salts, and for this reason it was thought 
probable, for some time, that the special function of the parathyroids 
consisted in the regulation of the Calcium Metabolism. Many facts, 
however, speak against this view. In the first place observers are not 
agreed that excision of the parathyroids leads to increased excretion 
of calcium or a reduction of calcium in the blood and tissues, and in 
the second place other disturbances of metabolism to which attention 
has been directed in recent years offer a more probable origin of the 
neuromuscular symptoms. The remedial effect of calcium salts is 
regarded merely as an example of the general action of calcium in reduc- 
ing the irritability of nerve fibers. On the other hand some disturbance 
of the calcium metabolism xmquestionably accompanies parathyroidec- 
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tomy, for it has been found by Erdheim that parathyroidectomy in 
rats (probably not complete) leads to deficient dentine-formation in 
the teeth of the operated animals, and Erdheim and Carrel have found 
that callus-formation in injured bones is delayed by parathjToidectomy. 

The effect of parathyroidectomy upon the nitrogenous metabolism 
is very marked. The output of Ammonia is much increased, and for 
this reason Kendall and others have suggested that the parathyroids 
control the transformation of ammonium carbonate into TTrea, which 
is the normal end-result of the deaminization of amino-acids, and occurs 
primarily in the liver. There is a decided Alkalosis or increased alka- 
linity of the blood in parathyroidectomy, and the symptoms may be 
alleviated by the injection of acids. On the other hand it has not 
proved possible to induce tetany by injections of ammonia or ammo- 
nium carbonate. 

The urine of children between the ages of two and fifteen normally 
contains Creatine, which is absent from the urine of adults,^ and it is 
between these ages that children are most liable to develop sjmptoms 
of tetany. On the other hand the content of creatine in muscular 
tissues is definitely connected with their Tonus or degree of tonic 
contraction and is increased by all measures which increase tonus. It 
has therefore been suggested by many observ'ers that the tetany arising 
from parathyroidectomy may originate in a disturbance of the normal 
metabolism of creatine. In this connection it is of especial interest 
to note that Landois and Maxwell have found that while the gray 
matter of the motor-areas of the cerebral cortex is remarkably insensi- 
tive to the ordinarj" chemical stimuli which increase the irritability of 
nerve-fibers (calcium precipitants), it is powerfully stimulated by 
applications of creatine, with the effect of inducing convulsions. It has 
not, however, proved possible to induce tetany in animals by injections 
of creatine. 

Creatine is methyl guanidine acetic acid, and is therefore related to 
the amino-acid Argmine, the relationship of arginine, methyl guanidine 
and creatine to one another is shown by the following fonnulte. 


NH CHj CHi CHs CH NHsCOOH 
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Methylguanidine and Dimethyl Guanidine occur in small amounts in 
blood, muscular tissues and urine. It has recently been shown by 
^ Occasionally present m the unne of women. 
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N. Paton that the quantity of methylguanidine in the blood and urine 
is decidedly increased after parathyroidectomy in animals, and in the 
spontaneous tetany which occurs in children. The following figures are 
illustrative: 


Guanidine + BAetbylguanidine in milligrams per liter 


Normal 

1 00 (average of 5) 


Normal 

0 25 (average of 6) 
Normal. 

0 12 (average of 8) 


A. Bloob. 

DOGS. 

Parat hyroidectoniy 

8 7 (average of 8) 

B Ukinb. 

DOGS. 

Parathyroidectomy 

1 1 (average of 6) 

CHILD BBisr. 

Idiopathic tetany 

(Average of 3 coses) 
Active tetany 0 58 

Latent tetany 0 38 

Recovery 0 12 


The subcutaneous or intravenous injection of Guanidine or Methyl- 
guanidine was found by Paton to lead to marked symptoms of tetany. 
Previous observers had established the fact that guanidine causes 
fibrillary twitchings of muscular tissue through stimulation, followed 
by paralysis of the myoneural jimctions, and Fuhner, in 1906, demon- 
strated that this action is antagonized by calcium salts. The origin 
of parathyroid tetany would therefore appear to reside in a disturbance 
of nitrogenous metabolism, and especially in the metabolism of the 
guanidine derivatives. The aggravation of symptoms which accom- 
panies the administration of a high meat-diet is thus accounted for. 
Whether the parathyroids control the metabolism of other nitrogenous 
constituents of the diet besides those which contain a guanidine nucleus 
is unknown, but the alkalosis which accompanies parathyroidectomy 
suggests that the products of metabolism which the paratliyroids 
remove or elaborate are strongly basic substances such as might he 
derivable from the decomposition of Diamino Acids, of which, of course, 
arginine is an example. 

It has been shown by Uhlenhuth that tetany may he mducetl in 
amphibian larvae which do not possess parathyroids (Ainblystoma), 
by the administration of thymus tissue, and he suggests that the func- 
tion of the parathyroids is to remove or render non-toxic substances 
produced by the Thymus. This would also explain the prevalence of 
tetany m children, since the thymus degenerates as maturity is attained. 
While this is very possible, it must also be remembered that the thymus 
is unusually rich, among animal tissues, in Thymus Nucleic Acid, which 
yields Guanine among its decomposition-products. Now guanine, 
w'hen oxidized, yields among other products, guanidine, so that the 
tetany observed by Uhlenhuth may have had a dietary rather than a 
specific glandular origin. 
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PART IV. 


THE CHEMICAL PROCESSES WHICH UNDER- 
LIE AND ACCOMPANY LIEE-PHENOMENA. 


CHAPTER XVII. 

PROCESSES INFERRED PROM DIRECT OBSERVATION. 

THE INTERMEDIATE METABOLISM OF CARBOHYDRATES: 

MUSCITLAB CONTRACTION. 

We have seen, in considering the chemical regulation of the respira- 
tory movements, that the energy-expenditure in muscular exertion is 
derived from oxidations. This follows immediately from the low heat- 
value of the hydrolyses which occur in the body, and which render 
them insufficient sources of energy, and from the greatly increased 
consumption of oxygen and output of carbon dioxide which accompanies 
the performance of muscular work. 

It remains to consider, however, what class of foodstuffs undergoes 
the oxidations which release muscular energy. That Carbohydrates 
afford a proportion of the necessary heat-units is evident from the fact 
that during the performance of muscular work the Glycogen which is 
normally stored up in muscular tissues is greatly diminished in quan- 
tity, and even the further reserve which is stored up in the liver becomes 
much reduced by the performance of severe and long-sustained muscu- 
lar work The potential energy contained in these reserves of glycogen 
is very considerable. Thus the liver of a man, when fully stocked 
with glycogen, contains about 150 gm of this polysaccharide, while the 
muscles, at rest and after feeding, contain a like amount. The total 
available reserv^e of carbohydrate material in the body is therefore 
about 300 gm., having a heat-value of 4.1 calories per gram or 1230 in 
all. If only one-fifth of this potential energy were converted into 
mechanical work, its remainder being dissipated as heat, it would lift a 
weight of one hundred tons to a height of over three feet.^ 

The exhaustion of glycogen by the performance of Muscular Work 
may be observed in a variety of ways. In the first place we may 
excise the two corresponding leg-muscles of a frog, analyze one to serve 

^ The equiTalent of one calorie m mechanical work is 426.5 kilogram-meters. 
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as a standard for resting muscle, and stimulate the other \^’ith a tetaniz- 
ing current until exhaustion supervenes, and the muscle will contract 
no longer, and then repeat the analysis upon this exhausted muscle. 
The content of glycogen in the stimulated muscle is invariably found 
to be lower than in the resting muscle, as much as 50 per cent of the 
glycogen being generally found to have disappeared. 

Another way of approaching the problem is to cut the motor-nerves 
supplying one set of leg-muscles and, after the lapse of a definite period, 
to compare the glycogen-content of these muscles deprived of nervous 
connections with the glycogen-content of the corresponding normal 
muscles on the other side of the body. The muscles of our skeleton, 
while their nervous connections remain intact, are in receipt of con- 
stant slight nervous stimidi, insuflScient to elicit actual contractions, 
but maintaining a condition of Tonus or constant tension which is a 
favorable prec^ent to rapid and forcible movements. This tonic 
contraction of the muscles of ihe skeleton consumes energy, not in the 
performance of external work, it is true, but in the performance of 
Ihteinal Work; the overcoming of resistance analogous to friction or to 
the resistance to extension which is displayed by a liquid surface. 
This tonus and its resultant expenditure of energy are prevented by 
cutting off the stimuli which maintain it, so that a muscle with its 
motor-nerves severed, relaxes, and consumes less energy tlian a normal 
muscle vdih its nervous connections intact. Corresponding with this 
we find that the glycogen reserves in the paralyzed muscles tend to 
accumulate and to exceed the glycogen-content of the innervated 
muscles on the opposite, unoperated side of the body. This is clearly 
shown by the following determinations by Marcuse upon rabbits, the 
sciatic and crural nerves having been severed upon one side: 


Percenfage of glycogen 


En^iment 

dumber. 

Paralyzed 

muscles 

Innervated 

muscles. 

1 

0 748 

0 539 

2 

0 749 

0 461 

3 

0 589 

0 395 

4 

0 642 

0 341 

Average 

0 657 

0 434 


The glycogen-reserve, through lack of expenditure, was therefore 
increased fifty per cent in the paralyzed and demobilized muscles. 

Again, we naay compare the glycogen-content of all the tissues in 
two similar animals, in the one after a period of rest, and in the other 
after a period of intense muscular exertion, and we obtain again the 
same result, namely, a disappearance of glycogen with the performance 
of muscular work. Thus Kiilz forced a large and well-fed dog, weighing 
45,5 kilos, to draw a heavy cart for nine hours and forty minutes. The 
animal was then killed, and the total glycogen-content of all its tissues 
was determined; 62 gm. of glycogen were obtained, corresponding to 
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1.16 gm. of glycogen per kilogram of body-weight. A normal well-fed 
dog of similar dimensions contained 3.8 gm. of glycogen per kilogram 
of body-weight. Even after four weeks of starvation a similar dog was 
found to contain 1.5 gm. of glycogen per kilogram of its body-weight, 
so that somewhat less than ten hours of severe muscular exertion 
reduced the glycogen reserves of the body to a greater extent than four 
weeks of sheer starvation. 

So far, then, we have proved that muscular energy may be and is 
derived, in part at least, from the consumption of carbohydrate mate- 
rials. The question now remains. What jMroportion of the energy of 
muscular work is provided by the carbohydmtes of the food? For, 
while the experiments which we have cited show that a part, and prob- 
ably a large part, of the energy expended in muscular work is certainly 
derived from carbohydrates, Aey do not preclude the possibility that an 
important proportion of the necessary heat-units may be supplied by 
other foodstuffs, for example by Proteins. 

This question was answered as early as 1866 by a classical experiment 
which was performed by Fick and Wislicenus. These observers 
ascended Moimt Faulhom, climbing to a height of 1956 meters above 
the starting-point. For seventeen hours before they started, during 
the six hours occupied in the ascent, and for six hours following the 
completion of the ascent they consumed no food which contained 
nitrogen. The urine passed during the ascent and in the six hours 
succeeding the ascent was collected and from its nitrogen-content the 
total quantity of body-protein which had been decomposed was 
estimated. It was foimd that Fick had decomposed 38.3 gm. of 
protein while Wislicenus had decomposed 37.0 gm. Now if we assume, 
which, of course ia not the fact, that all of the protein was decomposed 
so completely as to produce the end-products of perfect combustion, 
namely CO 2 , H 2 O and nitrogen, this quantity of protein would have 
liberated 250 calories, equivalent, if it were wholly converted into 
mechanical w'ork, to 106,000 kilogram-meters. But Wislicenus, for 
example, weighed 76 kilograms, and the work which he actually per- 
form^ in the mere effort of raising his body through 1956 metres was 
76X1956 = 148,656 kilogram-meters, so that upon the most excessively 
liberal computation the protein which was decomposed during and after 
the ascent could not possibly have furnished the energy consumed in 
the ascent. As a matter of fact, the actual yield of calories w^hen pro- 
tein IS burnt in the body is much less than that which 'would be derived 
if combustion were complete, for instead of nitrogen being formed the 
the oxidation stops with the production of Urea, which has a very con- 
siderable heat-value of its own and which is voided from the body and 
not utilized. Furthermore, no machine is known, not even a living 
machine, which can quantitatively convert heat into mechanical wnrk. 
In fact actual measurements have shown that only twenty per cent of 
the heat-value of foods is, as a rule, available for the production of 
mechanical work. If we apply these various corrections to the above 
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estimate of the work available from the proteins destroyed by Fick and 
Wislicenus, we find that it actually amounts to only 13,000 kilogram- 
meters, or less than nine per cent of the work required merely to lift the 
weight of their bodies to the top of the mountain. Now it must be 
remembered that the ascent of their bodies was by no means the whole 
of the mechanical work which was performed by these experimenters, 
for apart from the tonus of their skeletal muscles, the work of the secre- 
tory organs, and the movements of the digestive canal, expenditures of 
energy that cannot very easily be computed, their circulations had to be 
maintained by the beating of their hearts and their respiratory move- 
ments by contractions of the diaphragm and intercostal muscles. These 
sources of expenditure of energy alone can be estimated to have account- 
ed for no less than 30,000 kilogram-meters of work during the ascent 
of the mountain. All the energy actually procurable from the protein 
they decomposed, therefore, would not have half sufiSced to maintain 
the respiratory movements and the heart-beat, leaving nothing over 
whatever for the ascent of the mountain. The proportion of muscular 
energy furnished by the proteins must therefore have been very small. 

That under normal conditions the whole of the energy consumed in 
muscular exertion is derived from non-protein sources is rendered very 
probable by the discovery of Voit that work upon the treadmill by 
a dog fed upon mixed rations does not increase the nitrogen output. 
Not only is the total nitrogen output imafiected by muscular work 
upon a mixed diet, but the entire Protein Metabolism pursues its normal 
course, imdisturbed by the large expenditure of energy which is occur- 
ring. This is shown by an experiment by Shaffer, who investigated the 
urine of a man fed upon a purine-free diet containing a minimal allow- 
ance of nitrogen, in three different periods, namely, a rest-period of 
six days, which he spent in bed; a normal period of five days, which he 
spent in performing light work about the laboratory, and a work period 
of four days, in which he added to the laboratory work long daily 
walks. The following were the results obtained : 


Penod 

Food 

Urine 



Total 

N 

Nitrogen present as. 

Sulphur 

Ammonia 

Creatinin 

Uno 

aoid 

Undeter- 

mined 

I. Rest 

5 9 

2300 

4 77 

0 35 

0 605 

0 11 

0 35 

0 438 

II. Normal 

6.0 

3000 

4.40 

0 38 

0 600 

0 106 

0 42 

0 424 

III. Work . 

5 9 

3200 

3 94 

0 42 

0 560 

0 12 

0 42 

0 414 


The question arises, however, whether, if placed under practical 
compulsion to do so, by the scarcity or absence of other sources of 
energy, the muscular tissues may not be able to utilize proteins for the 
performance of mechanical work. Experiments of Kellner, conducted 
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upon horses, render this yery probable, for this observer found that 
while muscular work upon a mixed diet, as Voit had previously shown, 
does not increase the nitrogenous output of the horse, yet muscular 
work upon a diet which contained an insufiScient allowance of carbo- 
hydrates did result in a notable increase of nitrogen elimination. This 
fact may be paralleled by the oft-repeated observation that while 
Bacteria will preferably obtain their energy from carbohydrates in the 
culture-medium, yet if these be insufficient in amount, proteins are 
attacked and energy is derived from the hydrocarbon radicals which 
they contain, nitrogenous fragments being split off as by-products of 
the process. 

Now proteins, being an abnormal source of muscular energy, may 
very possibly give rise to some unusual products when necessity com- 
pels their uffiization for this exceptional purpose. We recognize that 
the protein metabolism of muscular tissues is peculiar. The abundance 
of Creatine in the muscles and the presence of Methylguanidine, Dimetiiyl- 
guanidine, Carnitine and other physiologically active nitrogenous bases 
in muscular tissues show that the degradation of protein in these 
tissues does not follow the channels normal to other tissues, and arouses 
the suspicion that rapid and extensive breaking down of muscle-pro- 
teins might lead to the production of toxic bases in dangerous amounts 
and to notable physiological disturbances. We are reminded, in this 
connection, of the fact that the dangerous toxemia of pregnancy. 
Eclampsia, is often accompanied by sudden involution (degeneration) 
of the muscular tissues of the uterus. Nor are there wanting facts 
which tend directly to show that extreme muscular exhaustion upon 
a high protein diet may be dangerous. The experiences of Mawson 
and Mertz in the Australian Antarctic Expedition of 1912-1913, which 
culminated in the tragic death of Dr. Xavier Mertz, may be instanced. 
In severe antarctic weather and heavily crevassed country, involving 
extraordinary expenditures of energy" to maintain bodily heat and make 
progress over the ground, at a distance of three hundred miles from 
headquarters, these explorers, through loss of a companion and a 
sledge in a crevasse, found themselves wdth a bare one and a half weeks’ 
food for themselves and none at all for the dogs. They started to 
w’alk back to their headquarters, killing the dogs from time to time 
and consuming their necessarily excessively lean flesh. After eighteen 
days Mertz began to fail, and during several days expressed especial 
aversion to the dogs’ meat; he displayed great muscular w^eakness, 
and complained of violent abdominal pains, from which Mawson also 
suffered. Seven days later symptoms of central nervous intoxication 
appeared. The following are notes from Mawrson’s diar>". 

“January 7.— It was a sad blowr to me to find that Mertz w^as in a 
weak state and required helping in and out of his bag. He needed 
rest for a few hours at least before he could think of travelling. I have 
to turn in again to kill time and also to keep warm, for I feel the cold 
very much now.” 
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“At 10 A M. I ^et up to dress Xavier and prepare food, but find 
him in a kind of fit. Coming round a few minutes later, he ex- 
changed a few 'words and did not seem to realize that anything had 
happened. . . 

“ During the afternoon he had several more fits, then became delirious 
and talked incoherently until midnight, when he appeared to fall off 
into a peaceful slumber. . . . After a couple of hours, having felt 

no movement from my companion, I stretched out an arm and found 
that he was stiff. 

These are not symptoms of mere inanition. Definite intoxication 
was also present, and it appears not improbable that the extraordinary 
exertions necessitated by their situation, carried out as they were upon 
an almost exclusively protein diet, may have led to the abnormal 
disintegration of food- and tissue-proteins by the muscular tissues, with 
the production of poisonous nitrogenous fragments. 

The employment of a high protein diet as a preparation for muscular 
exertion and endurance is therefore in the highest degree irrational, 
niore especially since the rate of loss of heat from the body on a protein 
diet is diminished, so that the cooling necessary for the maintenance of 
prolonged bodily effort is rendered more difficult than usual. The 
only possible ground for the formerly popular dietary of beefsteak for 
athletes is the fact that on a diet purely of flesh the muscular machine 
is more efficient, i. e., produces less heat per unit of external work 
performed. In fact in a dog fed upon pure flesh Pfliiger obtained the 
highest work-yield that has ever been observed, nearly fifty per cent 
of the heat value of the food appearing as mechanical work. For a 
short, sharp “dash^’ or brief effort, therefore, a high protein diet may 
possess advantages, but for prolonged extreme exertion a mixed diet 
containing an exceptionally abundant allowance of carbohydrates is 
the only rational prescription. This is, in fact, the actual dietary 
which, in the absence of suggestion or direction, is voluntarily chosen 
by those classes and groups of individuals whose mode of earning a 
living compels great and sustained muscular effort. 

The normal source of muscular energy is therefore the carbohydrates 
of the dietary. That the Fats may also be utilized for this purpose is 
evidenced by the fact, first establi^ed by Rubner, that fat and carbo- 
hydrate are Isodynamic Foodstuffs, i. e,, that equicalorific amounts of 
these substances can replace one another in the diet. There has been 
some discussion of the question whether or not the fats are directly 
utilized for the performance of work, or whether they may not have 
to undergo a prelimmary transformation into carbohydrates. This 
^ansformation would involve the introduction of a great deal of oxygen 
into the molecule of fat, since the fats contain a much higher proportion 
of hydrogen to oxygen than that which obtains in the carbohydrates. 
If all of this preliminary oxidation were unavailable for the production 


^ The Home of the Bhzzard, Sir Douglas Mawson, London, 1916, vol 1, pp. 258-259. 
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of muscular energy and dissipated as heat, the Efficiency, or ratio of 
work to heat-production, would be lower on a fat-dietary than on a car- 
bohydrate-dietary. The investigations of Zuntz indicated but little 
difference between the efficiency of the muscles on a fat or carbohy- 
drate dietary, but later investigations by Krogh and Linhard, employ- 
ing very accurate methods of measurement, have demonstrated that a 
loss of energy available for mechanical work does actually occur in the 
utilization of fats. The loss amoimts to about 11 per cent of the total 
heat-value of the fat. The expenditure of energy per calorie-equivalent 
of work (1 kilogram-meter of work being thermodynamically equivalent 
to 2.35 small calories of heat) is from 5.5 to 4.0 small calories,^ so that 
the efficiency of the muscles, on a mixed diet, varies from 18 to 25 per 
cent. The efficiency of the muscles increases with practice and train- 
ing, a fact which it is very essential to bear in mind when comparing 
efficiency upon successive differing dietaries. Krogh and Linhard find 
that the Respiratory Quotient, or ratio of carbon dioxide output to 
oxygen consumption, rises during the performance of muscular work if 
it is initially low, and falls if it is initially high. Now carbohydrates 
yield a respiratory quotient of imity, because there is already sufficient 
oxygen in the molecule to unite with all the hydrogen, and the complete 
oxidation of the carbohydrate yields a molecule of CO 2 for each mole- 
cule of oxygen consum^, in accordance with the equation: 

C«Hi*06 + 60* « 6 CO* + 6 H 2 O 

The fats, on the contrary", yield a much lower proportion of carbon 
dioxide, because a large part of the oxygen consumed is required to 
unite with hydrogen to form water. The fact that the respiratory 
quotient falls during muscular exercise, if it is initially high, shows that 
fats are utilized to a certain extent in the performance of muscular work. 
The fact that it rises when it is initially low also shows that carbohy- 
drates are utilized. Hence we may infer that the normal fuel of the 
muscles is a mixture of fat and carbohydrate, but that the fat must be 
partially oxidized before it becomes actually available for tlie perform- 
ance of muscular work. Fatigue is much more severe when work is 
performed upon a fat-rich dietary than w’hen it is performetl upon a 
fat-poor and carbohydrate-rich dietary. When the normal fuel fails, 
proteins are drawn upon as a last resource. 

The performance of muscular work invokes a considerable increase 
of oxygen-intake and carbon-dioxide output. The final products of 
muscular exertion are therefore carbon dioxide and water. The oxi- 
dation of glycogen or its hydrolytic cleavage-product, glucose, is not 
accomplished in a single step, however. Intermediate products are 
transiently formed, and of the nature of many of these we can only 

I The small calorie is the heat required to raibe the temperature of 1 gram of water 
one degree The large calorie is the heat required to raise the temperature of a kilogram 
of water one degree. 
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form conjectures, which, however, axe gradually becoming more and 
more clearly defined as persistent research reveals, one after another, 
the various substances which may arise from the oxidation of glucose 
in the nTiimnl body. One of the first of these intermediate products 
to be clearly recognized was, however. Lactic Acid. 

The lactic acid which is found in muscular tissue is not the ordinary 
racemic acid which may be obtained by synthesis in laboratory-glass- 
ware. It is the dextrorotatory acid, or Sarcdaetic Acid: 

CH, 

I 

CHOH 

I 

COOH 

which, when pure, forms a viscous, acid syrup, forming crystalline salts 
with a variety of bases. The zinc salt is the one usually employed for 
the isolation and estimation of lactic acid in muscular tissues. 

There has been some discussion of the question whether the lactic 
acid of muscular tissues actually arises from the partial oxidation of 
carbohydrates or whether it may not, on the contrary, arise from 
Proteins, as, for example, by the deaminization of the Alanine radical of 
proteins: 

CH. CH. 

1 I 

CHNH. + H.O - CHOH + NH. 

I I 

COOH COOH 

Alamne Laotio acid 

While such an origin of sarcolactic acid must be admitted to be 
possible, yet it is more probable that the major part of the lactic acid 
produced by the muscular and other tissues of the body arises from 
a carbohydrate source. Thus Mandel and Lusk have shown that in 
Phosphorus-poisoning there is a great increase in the lactic-acid output 
in the urine. If, however, the body has previously been drained of its 
carbohydrate reserve by inducing Glycosuria through the administra- 
tion of Phloridzin, then phosphoius-poisoning results in no hyper- 
production of lactic acid. 

The lactic acid in excised muscles of the frog rapidly diminishes on 
standing. This is due to its oxidation by the muscle-tissues. Now the 
oxidation of lactic acid is evidently a more difficult step to accomplish 
than its production from glucose or glycogen, for, if the oxygen supplied 
to the muscles be interfered with by asphyxia, by inhalation of air poor 
in oxj'gen, or by poisoning with Carbon Monoxide, the lactic-acid con- 
tent of the tissues and of the blood and urine is enormously increased. 

One of the characteristics of extreme muscular Fatigue is the stiffen- 
ing and inextensibility of the muscles which ensues. After deaA the 
Rigor Mortis or jwstmortem stiffening of the muscles occurs with 
extreme rapidity if the animal has immediately prior to death been 
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engaged in extreme and prolonged muscular exertion. The stiffening 
and increased opacity of tihe muscles which occurs after extreme fatigue 
or death is due to the coagulation of certain proteins which the muscle- 
fluids contain, the semifluid Muscle-plasma being converted into a 
jelly. 

It was found by Halliburton that if muscles be frozen and minced 
and then subjected to pressure at a temperature slightly above freezing 
an opalescent fluid is obtained which dots spontaneously upon warming 
to a little above bodily temperature, or upon standing for some time at 
room-temperatures. According to von Fiirth the gelatinization of 
this fluid is due to changes which occur in two proteins, the one a globu- 
lin, Myosin and the other an albumin, Myogen. The myogen fraction 
is much the more abundant of the two. Upon heating or acidification 
these soluble proteins are transformed, respectively, into Myosin 
Fibrin and Myogen Fibrin. The process is not reversible; the jelly 
cannot be liquefied by cooling or by neutralization. It is believed that 
the partial gelatinization of these proteins, which constitutes rigor in 
muscles, is brought about by the lactic acid and even, in part, by the 
carbon dioxide which accumulates in fatigued muscles. 

The Creatine content of muscular tissues is not decisively affected by 
muscular work. It appears that the increase, if any, is very slight, a 
fact which corresponds to the subordinate part which is normally 
played by proteins in the development of muscular energy. Neverthe- 
less, Van Hoogenhuyze and Verploegh have found a definite increase 
of creatine in muscular tissues after severe work, provided the work 
is performed by starving animals. In other words, if protein is of 
necessity employed by the muscles as a source of energy, then creatine 
is numbered among the chemical products of muscular work. The 
production of creatine appears, however, to bear an especial significance 
in relation to muscular Tonus, any agent tending to increase the tonic 
contraction of the muscles leading to an increased creatine-content. 
Thus the creatine-content of the muscles is increased by drugs such as 
Cinchonine which increase tonus, and in pregnancy the creatine-content 
of the muscular tissues of the Uterus is very greatly' increased. 

THE INTERMEDIATE METABOLISM OF FATS; DIABETES. 

The normal products of the oxidation of the fats and sugars are 
finally, as we have seen, carbon dioxide and water. In animals witli 
normal metabolism, but few of ±he intermediate products of oxidation 
can be perceived, because the various stages are passed through rapidly 
when the oxidation is once begun, and intermediate products of the 
process, therefore, have no opportunity to accumulate One stage 
which is easily recognizable is that afforded by the production of 
Lactic Acid because the next step in the oxidative processes is evidently 
accomplished with relative difficulty, so that a proportion of this prod- 
uct accumulates in the tissues, especially if the oxidative processes 
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are interfered with so as to increase the difficulty of further transfor- 
mation. Our knowledge of other stages in the oxidation-processes 
of the body is, however, very largely derived from an experiment which 
is performed for us by nature in the disease or group of diseases known 
as Diabetes Mellitas. 

Glycosuria, the excretion of sugar in the urine, may be induced by 
the injection of physiologically unbalanced Salt Solutions and particu- 
larly by solutions containing Magnesium Salts. The origin of this 
glycosuria, whether it arises from an unusual discharge of sugar from 
tile muscles or the liver, or from a decreased permeability of the renal 
tubular epithelium for sugar, has not as yet been ascertained. A glyco- 
suria without any accompanying Glucohemia, that is, without any 
increase in the normal percentage of sugar in the blood, may be induced 
by the administration of the glucoside Fbloridsin. Ihis glycosuria is 
evidently due to an alteration of the normal Permeability of the kidney 
for sugar. The normal kidney interposes an impassable barrier to the 
passage of sugar into the urine provided that tiie sugar in the blood 
does not much exceed the normal concentration of 0.10 to 0.15 per 
cent. After treatment with phloridzin, however, this barrier breaks 
down. The normal sugar-content is drained out of the blood, and 
the liver and muscles, in the endeavor to restore the normal equilibrium 
between Glycogen and Glucose, release glucose continuously to the 
blood, so that the ultimate result is the drainage of the carbohydrate 
reserves of the body. That the effect is a local one upon the epithe- 
lium of the kidneys is suggested by the fact that if the phloridzin 
be supplied only to one Mdney by perfusion into the corresponding 
renal artery, that kidney, but not the other, will eliminate glucose. 
It has been supposed that phloridzin, being a glucoside, acts as a carrier 
of glucose across the kidney-epithelium, liberating glucose on the one 
side and combining with it upon the other, but our present view of the 
mechanism of renal secretion indicates that the passage of sugar into 
the urine must be attributable to the failure of the renal epithelium to 
reabsorb the sugar which is normally passed through Bowman’s capsule, 
and hence must originate in a decrease of permeability rather than an 
increase as this hypothesis assumes. 

Yet, again, glycosuria may result, temporarily, from an excessive 
ingestion of carbohydrates, and particularly of sugars. This form 
of glycosuria, known as Alimentary Glycosuria, is not serious unless, 
indeed, it occurs too readily, when it may indicate a slight or incipient 
diabetes. It is stated by Cushing that alimentary glycosuria tends 
especially to occur in conditions of Hyperpituitrism or overactivity of 
the pituitary gland, of which condition, in fact, he considers a readily 
elicited alimentary glycosuria to afford confirmatory diagnosis. In tiie 
opposite condition of Hypopitoitrism he finds, on the contrary, an 
extraordinary tolerance for ingested sugars and alimentary glycosuria 
fails to appear after a dosage of glucose or levulose which, in normal 
individuals, -would inevitably be followed by an excretion of sugar in 
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the urine. Other observers, while confirming Cushing’s observation 
that pituitary disease is accompanied by disturbances in the carbohy- 
drate-tolerance, do not concur with him in his view of the relationship 
of the disturbance to hyper- or hypo-functioning of the pituitary gland. 
It must be recollected in this connection, however, that our means of 
distinguishing between hyper- and hypo-activity of the pituitary gland 
are rendered very imperfect by the fact that the physical effects of 
previous hyperactivity of the pituitary body persist, and may in fact 
constitute the most prominent symptoms, long after the condition has 
passed into one of d^cient activity of the gland. 

The possible involvement of the nervous system in the etiology of 
diabetic conditions was very strikingly brought into prominence by the 
discovery of Claude Bernard in 1864 that injury of a certain area in 
the meduUa oblongata induces a transitory but severe glycosuria. 
The particular area concerned lies between ihe level of the origins of 
the auditory nerves and the vagi. The Diabetic Puncture is most suc- 
cessful in animals that have been well fed with carbohydrates and may 
fail in ill-nourished animals. The immediate cause of the excretion of 
sugar which follows this operation is a pronoimced Glucohemia, the 
sugar in the blood rising from the normal level of 0.10 or 0.15 per cent 
to 0.3 per cent or more, and the kidneys simply excrete that proportion 
of the blood-sugar which constitutes an excess over the normal amount. 

The glucohemia which ensues after the diabetic puncture is evidently 
due to a failure of the normal power of the liver to store up glucose in 
the form of its anhydride, glycogen. The efficiency of the operation is 
proportional to the glycogen-content of the liver at the time it is per- 
formed, and at the end of the process the liver is found to have been 
drained of its glycogen-reserves. It appears that the storage-capacity 
of the liver is subject to control by the nervous system. The afferent 
path in the reflex arc is contained in the vagi. If the vagus is cut 
and the peripheral end is stimulated no glycosuria ensues, but if the 
central end is stimulated a decided discharge of sugar from the liver 
occurs. The efferent paths lie in the splanchnic nerves, and if these be 
previously severed the diabetic puncture is without effect. 

The greatest advance toward the interpretation of spontaneous 
diabetes, however, occurred when in 1889 von Mering and Minkowski 
discovered that extirpation of the Pancreas in animals produces a pro- 
found glucohemia and glycosuria terminating ultimately in the death 
of the animal. The effects of this operation have been very exhaus- 
tively studied in recent years by F. M. Allen who finds that glucohemia 
and glycosuria may be induced by partial removal of the pancreas. 
If nine-tenths of the gland be excised a severe diabetes ensues, but if 
only a small part of the pancreas, for example one-eighth, be removed, a 
mild diabetes ensues which is modifiable by diet. Thus if a sufficiency 
of the pancreas be left in situ no glucose at all may appear in the 
urine. If the remnant of gland be less glycosuria may be absent 
on a meat-diet or even on a diet containing bread, but glycosuria will 
29 
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ensue it sugars be added to the diet and, once started, may continue 
on a bread-and-meat diet. In turn, continued glycosuria upon a bread- 
and-meat diet may culminate in a condition in which glycosuria con- 
tinues on meat alone, and the experiment terminates fatally. 

The interesting observation has been made by Carlson that if glyco- 
suria be induced in a female animal by depancreatization, and the 
subsequently becomes pregnant, the glycosuria ceases at the 
time that the pancreas begins to develop in the embryo. It is not 
certain, however, whether this is due to the mother being enabled to 
utilize glucose herself through transmission of a pancreatic hormone 
from the fetus to the maternal circulation, or whether the drainage of 
carbohydrates from the mother by the needs of the fetus deprives her 
of the excess which she is unable to utilize herself. 

In fatal cases of diabetes it has repeatedly been observed that 
degenerative changes are present in certain elements of the pancreatic 
tissues, namely, the Islets of Langerhans, and it is particularly to the 
removal of these elements that the diabetes following total or partial 
extirpation of the pancreas is due. Thus injection of paraffin into 
the ducts arising from the secretory tissues of the pancreas results in 
complete atrophy of the secreting epithelium, the Islets of Langerhans 
alone remaining unimpaired. Under these circumstances no glycosuria 
occurs, but if this atrophied remainder of the gland be removed typical 
pancreatic diabetes at once occurs. When the pancreas is only parti- 
ally removed the overstrain upon the remainder of the tissues leads to 
their degeneration and the symptoms, possibly slight at first, become 
progressively more severe. According to Allen, if the residue of pan- 
creatic tissue be sufficient and overstrain be avoided by a diet low in 
carbohydrates and in fats, the incidence of progressive degenerative 
changes in the residual tissues may be avoided. Extremes of age, 
from puppies to senile dogs, do not appreciably affect the proportion 
of pancreas tissue which must be removed to cause diabetes, but a 
residue which is sufficient to prevent the appearance of diabetes in a 
young animal may become insufficient at a later age. Thus in one 
experiment a large proportion of the pancreas was removed from a 
dog which was seven months old. No diabetes ensued although the 
diet was so ample as to permit normal growth. One year later, 
however, glucohemia and glycosuria made their appearance, and the 
symptoms thereafter grew progressively more severe. Evidently an 
injury to the pancreas in childhood, arising possibly from some infec- 
tion, might, in analogous fashion, be responsible for diabetes at a much 
later stage of life, and the origin of the pancreatic breakdown might by 
then have become very difficult or impossible to trace. 

It was formerly considered probable by some investigators that the 
islet tissue represents merely a modified acinous tissue, so that the 
latter could, upon occasion, assume the functions of the former. The 
above-cited facts have rendered this hypothesis untenable, for the 
residue of mixed pancreatic tissue which is requisite to preserve an 
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animal from diabetic symptoms far exceeds the total mass of islet tissue 
in the intact pancreas, and yet, as we have seen, the functional defi- 
ciency which arises from the removal of a proportion of the whole gland 
does not remedy itself but persists or augments throughout the duration 
of life. 

The occurrence of spontaneous Diabetes in human beings has been 
recognized from very ancient times, but the actual identification of the 
sweet constituent of the luine as Glucose was not accomplished until 
1838. It is characterized, it would appear, almost if not quite invari- 
ably by a distinct Glucohemia. The light forms of diabetes resemble 
alimentary glycosuria except in the fact that the Assimilation-limit 
for carbohydrates is unusually low, so that glycosmia recurs whenever 
a normal abxmdance of carbohydrate is ingested. In such cases the 
mere performance of muscular work may arrest the glycosuria. 
Between this light form of diabetes and the more severe forms 
every intermediate stage may be observed, and not infrequently 
the same patient may pass through all degrees of severity of the disease 
successively. In most severe forms of diabetes sugar continues to be 
eliminated on a pure protein diet and the urine may contain over ten 
per cent of glucose, being usually, but not invariably, dark and dis- 
colored from the presence of other abnormal constituents arising from 
the disordered metabolism. 

. The sugar which is excreted in the severe forms of diabetes does not 
necessarily arise from carbohydrates in the diet or in the tissues, for not 
only does it continue on a carbohydrate-free diet, but the quantity 
excreted per dievi may be far in excess of the carbohydrates in the food 
and in the tissues of the body added together. Thus in one experiment 
upon a depancreatized dog Pfluger found that out of a total excretion 
of 3097 gm. of sugar only 422 gm. could possibly be accounted for as 
arising from carbohydrate reserves of the animal. The difference, 
namely, 2075 gm , must have arisen from some otlier source. Luthje 
even went so far as to feed a depancreatized dog completel^^ upon casein. 
In eight weeks it excreted nearly 1200 gm. of sugar, only a small propor- 
tion of which, of course, could have been derived from gh cogen in the 
tissues of the animal- Since the fats, upon a diet such as this, are ^ ery 
quickly used up, we have no alternative but to assume that the sugar 
was deri\ ed in part from the decomposition of proteins anti, as a matter 
of fact, in the severer forms of diabetes there is a decided tendency' for 
the ratio of the sugar (dextrose) to the nitrogen eliminated in the diet 
to approach a constant level. This ratio, designated usually by the 
symbol § is regarded by Lusk as affording valuable indication of the 
severity of the diabetes, for he finds that upon an exclusively fat-and- 
protein diet the § ratio in the severest cases of diabetes approaches a 
critical value of 3.65 : 1. If the sugar excreted were wholly derived 
from protein this would mean that from 6.25 gm. of protein decomposed 
in the tissues of the diabetic, 3.65 gm., or 58 per cent of the weight of 
the protein, was transformed into glucose. This Lusk believes to be 
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the maximal quantity of carbohydrate which is obtainable from protein, 
and he illustrates this by reference to the following figures: 

Maximum ^ raldos observed m. 


Phlondziu diabetes 

Diabetes mellitus in man 

In dog 
Lusk 

In man 
Benedict 

Mandel 
and Lusk 

Gmnvald 

Foster 

Mobenthal 

Joslin 

3 65 

3 53 

3 60 

3 76 

3 58 

3 76 

3 69 

3 66 

3 82 

3 65 

3 56 

3 38 

3 85 

3 67 

3 62 

3 66 

3 66 

3 70 


3 44 

8 67 

3 64 

3.68 

3 64 

3 64 

3 48 

3 66 

3 68 


According to Joslin these high ratios, which usually only precede 
death by a brief interval, are never observed if Pats be* excluded 
from •&e diet, a fact which is a very striking illustration of the deter- 
minative part played by fats in the evolution of diabetic symptoms, a 
part, however, which has only in recent years come to be fully appre- 
ciated, thanks to the work of Allen, Joslin, Bloor and other investi- 
gators. 

The excretion of sugar in diabetes mellitus is not attributable to 
loss of glycogen storage-capacity on the part of the liver, for even in 
fatal cases, and after a prolonged excretion of sugar, appreciable 
qu^tities of glycogen may still be found in the liver. It is naturally 
a difficult matter to ascertain whether or not the storage capacity of 
the liver in diabetics is fully normal, but there can be no question 
but that the main abnormality of the carbohydrate metabolism m 
diabetes is essentially a failure to utilize the glucose in the diet The 
origin of this failure is indicated by the observation of (’larkc, tliat 
when the pancreas is included in the circulation of the exciiied heart, 
its utilization of glucose is increased from 0.175 mg per gram of heart 
to no less than 4 mg per hour. The ability of the tissues to utilize 
glucose is therefore augmented by a substance or substances derived 
from the pancreas through the agency of the circulation. The tis.sues 
which are unable to utilize glucose are nevertheless starving for it and 
every possible mechanism for manufacturing glucose from other food- 
stuffs, even as we have seen, from proteins, is pressed into service, but 
"the product of these efforts is still glucose, and, "therefore, worthless or 
even worse, for it is excreted from the body and involves a correspond- 
ing wastage of the fuel-value of the dietary. 

The failure of the diabetic to oxidize glucose does not by any means 
originate in a failure of oxidative powers in general. On the contrary 
the relationship of the condition to glucose and also as we shall see, to 
the fats IS highly specific and "the oxidation of other and even much 
more difficulty oxidizable substances may be normal; thus Lactic Acid, 
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Mannitol and even Inositol or Benzene are oxidized just as well by the 
diabetic as by the normal individual. Even a very slight degree of 
oxidation of glucose itself suffices to enable the tissues to overcome the 
obstacle. Thus gluconic acid, glucuronic acid, saccharic acid and mucic 
acid are all readily oxidized by a diabetic. The relationship of these 
substances to glucose may be seen from the following formulse: 
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Even more surprising is the fact that sugars other than glucose may 
be very much better utilized by a diabetic than glucose itself. Cane- 
sugar is badly tolerated, as might be expected from the fact that it 
yields glucose on hydrolysis. For the same reason Maltose, which 
yields two molecules of glucose when hydrolyzed, is even less well 
tolerated by diabetics than cane-sugar. Lactose is very badly tolerated 
probably because it gives rise, on hydrolysis, not only to glucose but 
also to Galactose, which is very poorly assimilated by diabetics. Levu- 
lose, on the contrary, is comparatively well assimilated. In many 
cases it is possible to administer levulose to diabetics without untoward 
symptoms when similar quantities of glucose would precipitate a pro- 
found glycosuria. Depancreatized dogs will store up glycogen on a 
le\Tilose diet when they cannot do so on a diet containing equal quanti- 
ties of glucose. For this reason, since levulose is somewhat expenbi\ e, 
it has been proposed to administer liiulin to diabetics. Inulin is a 
polysaccharide of levulose which occurs in the tubers of dahlias, the 
tuberous artichoke and the sweet potato. It is, however, indigestible 
by any of the alimentary juices and simply increases the bulk of the 
feces and provides a culture-medium for intestinal bacteria. The 
bacteria in the lower intestine certainly attack inulin and the products 
of their activity may be absorbed or utilized, but these products are 
not of a carbohydrate nature, for if inulin be administered to an animal 
with phloridzin glycosuria, no increase of sugar-output is observed. 
Inulin is therefore of little if any value to a diabetic. 

Now it is a very significant fact that when levulose is tolerated by a 
depancreatized animal, it is converted into glycogen in the liver. 
This would point, seemingly, to a failure of the liver to convert glucose 
into glycogen in diabetics, although it is well able to store the glycogen 
when it has once been formed. A slight change in the configuration of 
the molecule of sugar which is absorbed and carried to the liver enables 
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the liver to perform its customary function. In this connection it 
should be recalled (see p. 80) that ordinary glucose of the butylene 
oxide type, when introduced into the intestines of animals, has been 
observed to undergo rather rapid diminution of its optical rotatory 
power without any corresponding diminution of reducing power. It 
has been suggested that this loss of optical rotatory power may be due 
to conversion of the butylene oxide linkage into the etihylene or amylene 
oxide linkage. 

The Urine of diabetics has very frequently a pronoxmced fruity odor 
and is usually decidedly acid in reaction. These characteristics of 
diabetic urine are due to the presence therein of extraordinary amounts 
of Aceto-acetic Acid, CH3COCH2COOH, Acetone, CHsCOCHa and 
Hydroxybutyric Acid, CH 3 CH(OH)CH 2 CC)OH. These products are 
all closely related to one another and unquestionably arise from the 
same source. Thus, aceto-acetic acid may be derived from hydroxy- 
butyric acid by oxidation, water being split off, while aceto-acetic-acid, 
with the loss of carbon dioxide, is convertible into acetone. It is 
probable that hydroxybutyric acid is the parent substance of all the 

acetone-bodies” which are found in the urine of diabetics. The 
production of these substances rapidly and in large amounts, produces 
the extreme Acidosis which is diaracteristic of the later stages of 
untreated or improperly treated diabetes, and which culminates in the 
Diabetic Coma or acid-intoxication which formerly was the invariable 
and still is the very frequent termination of the disease. 

The amount of acetone in diabetic urine is comparatively small and 
it is of minor significance. The aceto-acetic acid may be detected by 
the deep red color which is conununicated to urine containing this 
substance if Ferric Chloride solution be added to it in excess of the 
amount necessary to precipitate the phosphoric acid as ferric phosphate. 
It was formerly believed that the acetone bodies in urine were derived 
from the imperfect oxidation of Carbohydrates and that they probably 
represented intermediate stages in the degradation of carbohydrates 
to carbon dioxide and water. This view has now been abandoned witli 
the recognition of the fact that Fats play a predominant part in the 
genesis of diabetic Acidosis. The very slight change in the glucose 
molecule which sufiSces to render it assimilable and utilizable points, in 
any case, to the improbability that succeeding stages in the oxidation 
of glucose are exceptionally delayed in the tissues of the diabetic. If 
oxybutyric acid were in truth an intermediate stage in the oxidation of 
carbohydrates, as lactic acid, for example, is known to be, then the 
accumulation of this substance in the blood and in the tissues must 
rnean that the subsequent steps of oxidation have become exceptionally 
difficult. But the very slightest initial oxidation of glucose renders it 
readily utilizable, so ^at we must infer that all stages of oxidation 
succeeding the formation of gluconic or glucuronic acids, for example, 
are readily performed by the diabetic. Now oxybutyric acid, if it were 
formed at all from glucose, must succeed the formation of gluconic or 
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glucuronic acids, so that the accumulation of this substance in the 
tissues of a diabetic evidently cannot be due to the arrested oxidation 
of carbohydrates. As a matter of fact, Macleod and Pearce have foimd 
that the tissues of depancreatized or even eviscerated animals are still 
able to oxidize glucose, and Meltzer and Kleiner have shown that a 
large part of the glucose which circulates in the blood of a diabetic is 
actually utilized by his tissues. 

The examination of the blood in diabetics very frequently reveals, 
not only glucohemia, but also a pronounced Lipemia, which may be so 
severe as to give to the centrifuged blood-serum a distinctly milky 
appearance. The following are results obtained by Bloor in estimating 
the lipoids in normal and in diabetic blood: 
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It will be observed that the percentage of all the lipoidal constituents 
of the plasma is much increased in diabetics, while the lipoidal con- 
stituents of the corpuscles remain comparatively unaffected. The 
increase is especially marked in the Neutral Pats (estimated as fatt^' 
acids) and in the Cholesterol fractions. The lecithin or Phospholipin 
fraction increases also but in much less proportion than the others, 

A- fatty acid cholesterol 
so that the ratios , — “ 
lecithin 

diabetic blood-plasma. 


or 


are abnormally high in 


lecithin 

For this reason it has been suggested tliat part 
at least of the failure of diabetics to utilize fat is due to an inability 
to convert fatty acids into phospholipins. 

The attention of earlier investigators of diabetes was focussed upon 
the intolerance of these patients for carbohydrates, and the main 
objective of the physician was to decrease the output of glucose in the 
urine. Carbohydrates were therefore necessarily excluded from the 
diet, and to replace the deficient calorific value thus entailed the fats 
in the diet were not unusually increased. This procedure frequently 
had the gratifying result, for the time being, of reducing or even elimi- 
nating the output of glucose in the urine, but sooner or later the patient, 
whose condition at first seemed much improved, would again begin to 
excrete glucose; a severe acidosis developed and the case became hope- 
less, terminating in diabetic coma. 

This result has been duplicated by F. M. Allen in partially depan- 
creatized dogs, and he attributes it to the progressive degeneration of 
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the Mets of Itangerhaos in tlie residual tissue due to overstrain. As a 
source of protein he administered beef-lung to the animals, and suet 
was employed as a means of administering fats. The following is his 
description of a typical result: 

*‘We may take tiie customary treatment of moderate diabetes and 
illustrate it in dogs. Suppose that suitable operation and overfeeding 
have produced a condition where there is marked glycosuria on a kilo- 
gram of lung, but sugar-freedom on 800 gm. of limg, together with a 
fair state of nutrition and entire absence of ketonuria. Now place 
the dog on 600 to 800 gm. of lung and 100 to 200 gm of suet, according 
to the classical method. There is no glycosuria, weight is gained and 
the condition is splendid for weeks and possibly months. The treat- 
ment is highly successful. Closer examination shows the presence of 
hypei^lycemia and slight ketonuria^ which are usual in the patients of 
corre^onding type. Glycosuria follows, illustrating the spontaneous 
downward progress which the authorities describe. This is cleared up 
by a few fast-days on the Naunyn plan, and the diet is again adjusted; 
it may now be 400 gm. of lung and 200 gm. of suet. The gain in weight 
continues as before, with hyperglycemia, ketonuria and subsequent 
glycosuria, .^ain ^e fast days are used and the protein diminished, 
so that the diet is perhaps 200 gm. of lung and 200 gm. of suet. The 
same cycle is repeated. Now the dog is in splendid condition and 
spirits, the coat sleek, the appearance such that he might create a good 
impression out walking in the park, only he has a difficulty in remaining 
sugar-free on even the protein minimum, and the fat may be pushed 
higher to maintain nutrition against the repeated fast days. If the dog 
has actually been kept fat, a fasting period about this time may dimin- 
ish the glycosuria or it may remain high. The previously lively and 
hungry animal begins to show a curious little moumfulness and com- 
plete repugnance to food. A day or two later, vomiting of clear mucus 
begins, and the dog drinks and vomits water. Tlie acetone-reaction 
is heavy; the ferric chloride may be heavy or slight The alkali- 
reserve of the blood falls low, and the complete picture of patients who 
go into fatal acidosis on fasting is reproduced.” 

As Joslin has pointed out, patients with severe diabetes may struggle 
contrading^ against complications, and surviving for years on 
an atrocious diet” , but let a doctor intervene, eliminate carbohydrates 
from the diet and replace them by an equicalorific allowance of fat, 
and the patient promptly dies in diabetic coma. The treatment is 
completely successful, no doubt, in the sense that glucose temporarily 
disappears from the urine, but the patient nevertheless dies. 

Diabetes is, in fact, a multiple metabolic disorder of which the failure 
to utilize glucose is merely one manifestation which only indirectly 
mduces the fatal outcome.^ The exclusion of carbohydrates from the 
diet renders calorific equihbrium and the maintenance of tissue- and 


^ ** Acetone bodies” in the unne. 
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body-weight impossible, unless fat be partaken of, not in usual, but 
even in unusual quantities. The diabetic, however, has a genuine 
inability to oxidize fats, and intermediate products, of which the lead- 
ing examples are oxybutyric and aceto-acetic acids, are formed and 
accumulate in dangerous and ultimatdy fatal amounts. 

In this dilemma the only feasible dietetic procedure is to take advan- 
tage of the long-recogniz^ fact that the tissues may be educated by 
habitude to the proper utilization of carbohydrates, but the slightest 
overstrain upon the carbohydrate-utilizing mechanism produces a 
directly contrary result and accelerates the downward course of the 
diabetic. This is the foundation of ^‘Allen’s Paradoxical Law,” namely, 
that ‘^whereas in normal individuals the more sugar is given the more 
is utilized, the reverse is true in diabetes.^^ The treatment suggested 
by Allen consists essentially in freeing the urine from glucose by starva- 
tion, bearing in mind, however, the fact that starvation increases acid- 
osis and that if the preceding acidosis was high the additional acidosis 
of too severe or too prolonged starvation may precipitate Diabetic Coma. 
The starvation-period is succeeded by a period in which proteins are 
admitted to the diet. Carbohydrates are now admitted, at first in 
very small and then in gradually increasing amounts, until a tolerance 
is built up. Fats are admitted last of all, and with great caution, the 
allowance never being a large one. Patients treated in this way cannot 
commit dietary indiscretions, but they may maintain a tolerably 
normal and healthy existence for a number of years. Whether the 
“ expectation of life"^ of a diabetic may, by a systematic regimen of this 
kind, be rendered equal to that of a normal individual of like age and 
antecedents, cannot as yet be stated, for the treatment of diabetes 
based upon a full realization of the part played by fats in the genesis 
of fatal symptoms has only recently come into being, and statistics 
are therefore not available. 

To revert to the questions of intermediate metabolism which render 
the phenomenon of diabetes of such exceptional interest to the bio- 
logical chemist, it appears very probable that /S-Hydroxybutyric Acid 
is one of the normal intermediate steps in the oxidation of fats, just 
as lactic acid is an intermediate step in the oxidation of carbohydrates, 
and that in diabetics, through failure of a particular tissue, namely, 
the islets of Langerhans in the pancreas, the further stages of oxidation 
are hindered, just as, in asphyxia, the oxidations of carbohydrates 
subsequent to the production of lactic acid are hindered. The appear- 
ance of abnormal quantities of Cholesterol in the blood of diabetics 
suggests the possibility that the metabolism of the Hydroxyaromatic 
Derivatives is also disordered in diabetes. The other “acetone- 
bodies’^ in diabetic urine are imdoubtedly derived from /8-hydroxy- 
butyric acid. Thus, if the liver be perfused with blood containing this 
substance, the blood which issues from the liver contains aceto-acetic 
acid, and even minced liver will bring about the same transformation. 

Butyric acid is converted quantitatively by oxidation into j8-hydrox3'- 
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butyric acid, whereas Magnus-Levy has pointed out that 100 gm. of 
Neutral Fat made up of tristearin, tripalmitin and triolein can yield a 
maximmn of only 30.2 gm. of j8-hydroxybutyric acid. Hence cream 
or Batter Fat, with its high content of butyrates, is a much more 
dangerous source of “acetone bodies” than mutton-fat or bacon-fat 
or butter-substitutes such as oleomargarine. This fact is illustrated 
very strikingly in the intolerance which infants frequently display to 
cream or butter, eriiibiting decided symptoms of Acidosis when these 
are administered in what, for other children, would be moderate 
amounts. These infants not infrequently tolerate a higher fat, or even 
olive oil, much better than they will tolerate cream or butter. 

The oxidation of the fats appears to take place in a series of similay 
successive steps, the point of attack at each stage in the oxidation being 
the /3-carbon atom, that is, the second carbon atom in the hydrocarbon 
chain, counting from the carboxyl-group. Thus Stearic Acid is con- 
verted into Palmitic Acid in the following way: 
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In similar manner palmitic acid yields myristic add, the next product 
is lauric acid and this is followed in succession by capric, caprylic and 
caproic acids. Ihis acid on oxidation of its /3-carbon atom yields 
butyric acid: 
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It is at the next succeeding stage of this process that trouble 
originates in the diabetic. In normal tissues the intermediate hydroxy'- 
and keto-acids are present only evanescently, being immediately oxi- 
dized to the lower acid, carbon dioxide and water. In the diabetic or 
in the depancreatized animal there is exceptional difficulty in accom- 
plishing tiiis, it would appear, especially when the stage of butyric 
acid has been reached and the result is that the partial products of 
butyric acid oxidation, /S-hydroxybutyric acid and aceto-acetic acid, 
are permitted to accumulate: 
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If, however, the number of carbon atoms in the original fatty-acid 
molecule had chanced to be uneven instead of even, the final product 
of this process would have been Propionic Acid, CHgCHaCOOH instead 
of butyric acid. 

Now the important discovery has been made by Ringer that pro- 
pionic acid is completely converted into Glucose in animal tissues, an 
intermediate stage in the process being, not improbably, the formation 
of /3-Lactic Acid. 

SC’ELCHsCOOH + Oi = 2CHsOH CHiCOOH 
Propionic acid /3-lactie acid 

He furthermore finds that when fatty acids having an uneven 
number of carbon atoms are administered they are similarly trans- 
formed in part into glucose. It happens^ however, that the acid 
radicals of the normal tissue-fats of our dietary always contain even 
numbers of carbon atoms. The fatty acids possessing uneven numbers 
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of carbon atoms are comparatively rare, and do not occur to any 
important extent in the fats of the normal dietary, otherwise their 
administration to diabetics would enable them to transform the 
residual unoxidized fragment of the fatty molecule into glucose, which 
is harmless, instead of hydroxybutyric acid, which is toxic. 

The normal products of Ae complete oxidation of butyric acid 
according to the above scheme would be, successively. Acetic Acid, 
carbon dioxide and water: 


CH» 

CHs 

CHs 

1 

CHs 

1 

1 

/5CH* 4- 

I 

O * CHOH + O 

« CO + 40 

= COOH 

oiiHt 

1 

CH2 

1 

CHs 

1 

ZCOs 

j 

COOH 

1 

COOH 

COOH 

+H 2 O 

HaO 

Butyric acid. 

i^-hydroxybutyric acid. 

Aoeto-acetio acid» 
water. 

Acetic acidf carbon 
dioxide, water 


In accordance with this view, Knoop has found that if aromatic 
derivatives of fatty acids containing an even number of carbon atoms 
be administered to animals, Phenyl-acetic Acid appears in the urine, 
while if aromatic derivatives of fatty acids containing an odd number of 
carbon atoms in the molecule be administered, the phenyl-group is 
split off as Benzoic Acid, which, as usual, combines with glycocoll in the 
tissues and appears in the urine as Hippuric Acid. 

The question now presents itself whether the fundamental metabolic 
disorder in diabetes mellitus is merely failure to utilize carbohydrates 
with normal rapidity, or whether this is not also accompanied by 
failure to oxidize fats with normal rapidity. From the investigations 
of Ringer, Shaffer, and others it may now be seen, however, that the 
failm-e of the diabetic to utilize fats is a secondary consequence of his 
failure to utilize carbohydrates It appears that the normal individual 
excretes acetone derivatives and develops acidosis if over 90 per cent 
of his total calorific output is derived from fats. This arises from the 
fact that the oxidation of carbohydrates facilitates the simultaneous 
oxidation of fats, or, in other words, as Rosenfeldt has expressed it, The 
fats burn only in the fire of the carbohydrates/' When allowance is 
made for the proportion of carbohydrate which is simply excreted and 
never utilized, it is found that the carbohydrate-fat ratio which just 
causes the appearance of ketone-bodies in the urine is precisely the 
same for diabetics as it is for normal individuals, namely, in terms of 
calories, 10 : 90. The greater liability of the diabetic to develop acidosis 
and ketonuria is due to the progressive tendency which he displays to 
utilize carbohydrates to a diminishing extent so that he approaches 
ever more nearly to the critical calorific ratio. Add to this the ultimate 
necessity of relying upon fats as the main source of calories in the diet- 
ary and it may readily be seen why the natural termination of diabetes 
is the coma which arises out of uncontrollable acidosis. 

It was suggested by Ringer in 1914 that glucose influences the com- 
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bustion of fatty acids (hydroxybulyric and diacetic acids) by forming 
glucosidal combinations with them. Whether this be the true expla- 
nation or not, Shaffer subsequently succeeded in showing that while 
mixtures of diacetic acid and glucose in equimolecular proportions 
are completely oxidized by alkaline hydrogen peroxide in laboratory- 
glassware; if tihe proportion of glucose is less, then the oxidation of the 
acid is no longer complete. Now, Dakin has shown that oxidations in 
the tissues commonly follow the same course as oxidations by alkaline 
hydrogen peroxide in vitro, so that this observation of Shaffer’s suggests 
the possibility that not less than 1 molecule of glucose may be neces- 
sary to complete the oxidation of a molecule of diacetic acid produced 
from a molecule of fatty acid during the course of its oxidation in vivo. 

It must be remembered that glucose may be derived from proteins 
as well as carbohydrates in the diet, and that in consequence the pro- 
teins are to this extent Antiketogenic constituents of the dietary. On 
the other hand, it has been pointed out that Leucine, Tyrosine and 
Phenylalanine are all capable of yielding diacetic acid after deaminiza- 
tion and partial oxidation, so that to this extent the proteins are also 
Ketogenic constituents of the dietary. Even the fats may not be 
wholly ketogenic elements of the dietary, since it has been shown that 
when Glycerol is added to blood perfused through the tissues of the 
liver it is partially converted into glucose. We do not know whether 
these various transformations, which have been ascertained to occur 
under extreme conditions, are normal or merely exceptional events, 
so that the calculation of the molecular proportion of ketogenic to 
antiketogenic substances in the dietary is attended by some diflBculties 
and uncertainties. 

Shaffer has assumed that 1 molecule of fat yields, in the course of 
its oxidation in the tissues, 3 molecules of diacetic acid and 0 5 
molecules of glucose. Protein, as we have seen, yields 3.6 gm , or 
almost exactly 20 millimolecules of glucose for each gram of urinary 
nitrogen.^ The average amino-acid composition of the dietaiy proteins 
indicates, according to Shaffer, a possible yield of 10 millimols of 
diacetic acid for each gram of urinary nitrogen. Carbohydrates may 
be assumed to be wholly antiketogenic, 1 gm. of glucose representing 
5.56 millimols of antiketogenic substance. Upon the basis of these 
assumptions Shaffer has sought to calculate the ketogenic-antiketo- 
genic balance in the dietary’ of normal and diabetic individuals, employ - 
ing the respiratory quotient and the urinary' nitrogen to measure the 
quantities of the several classes of foodstuffs which are consumed, since 
the amounts of antiketogenic substance which are ingested by a diabetic 
obviously afford no measure of the amounts which actually undergo 
oxidation, while if acidosis were present the same disparity would 
apply to the measurement of the ketogenic constituents of the dietary. 

^ One millimol = one one-thonsandth of a gram-molecule. Hence 1 gm , of glucose 
1000 ^ 

=* = 5 56 millunols. 
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The method of procedure is as follows: From the twenty-four-hour 
output of urinary nitrogen the quantity of protein which has been 
actually consumed is calculated. From this is deducted the known 
yield, 20 millimols per gram of urinary nitrogen, of carbohydrate 
obtainable from this quantity of protein. The remainder, or non- 
carbohydrate quota of the protein, is assumed to be completely 
oxidized by the time the nitrogen appears in the urine, and the oxygen 
intake and CO 2 output arising from this oxidation are calculated from 
the known values for protein. 

The ox^^gen and carbon dioxide corresponding to the non-carbohy- 
drate quota of protein are subtracted from the total oxygen intake and 
CO 2 output; the remainders represent the oxidation of glucose, from 
whatever source it may be derived, and of fatty acids. The ratio of 
these remainders will therefore have a value intermediate between that 
for a pure carbohydrate, namely 1.0, and that for a pure fat in which 
the gtycerol component is merely oxidized to glucose. This lower 
value is 0.698.^ From die value of this ‘'fatty acid-total glucose 
respirator^” quotiend^ the proportion of calories yielded by each class 
of foodstuffs may be computed. Thus if it has the value 0.80, this 
represents 0.102 in excess of the value for fat, while 1.00, the value for 
pure carbohydrate, would represent 0.302 excess over the value for fat. 
Hence we have the ratio: 

Calories derived from glucose 0 102 «« o j. 

— • = = 33 8 Dei cent 

Total calories from fat and glucose 0 302 

From these figures we obtain the relative molecular amounts of fatty 
acid and carbohydrate, that is, their molecular proportion, by multi- 
plying each percentage by the corresponding fraction of a molecule of 
fatty acid and glucose which is equivalent to one calorie and dividing 
the product for fatty acid by the product for total glucose.® In accord- 

' The respiratory quotient for the complete oxidation of a fat is 0 71, but this includes 
the oxygen consumed and COa yielded in the oxidation of the glucose aiising fioni the 
glycerol component of the fat 

® The following is an illustrative calculation Suppose that the fatty acid-total glucose 
respiratory quotient is 0 80, then, as we have seen, 33 8 per cent of the total calories aio 
derived from the oxidation of glucose and 66 2 per cent from the oxidation of fatty acids 
and the conversion of glycerol into glucose Now the oxidation of 1 gram of glucose to 
CO 2 and H 2 O produces 3 762 calories, so that 1 gram-molecule ( = 180 gzams) pioduros 
677 2 calories Hence 1 calorie results from the oxidation of 0 001477 gram molecules of 
glucose and 33 8 X 0 001477 *= 0 0499 Similarly, 1 gram of fatty acid in undergoing 
oxidation to CO 2 and HsO with simultaneous conversion of the equivalent of glycerol 
into glucose h berates 9 504 calories. Taking the average molecular weight of the fatty 
acids contained in a mixture of 70 parts of tnolein with 16 parts each of tripalmitin and 
tnsteann (the average composition of dietary fat derived from meat) as 278, we find 
that 1 gram-molecule of fatty acid would yield 0 509 X 278 2644 calories, so that 1 

calorie would represent the oxidation of 0 000378 gram-molecules of fat and 66 2 X 

0 000378 0 0250 The ratio ^ Q^gg *“0 5 represents therefore the Tnol^mlar pro- 

portion of fatty acid to total glucose which is oxidized in yielding the quotient of 0 80 
In other words, 1 molecule of fatty acid is bemg burnt for every 2 of glucose. The oxidet- 
tion of this mixture, naturally, would not give ns© to acidosis. 
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ance with the assumption that each molecule of fatty acid gives rise 
to 1 molecule of diacetic acid and that each molecule of glucose is 
equivalent to 1 molecule of antiketogenic substance, the ratio thus 
obtained is actually the ketogenioantiketogenic ratio, except that it 
does not include the ketogenic value of protein. This latter, however, 
may readily be included, since it is foimd that the ketogenic value 
(= diacetic acid derivable from leucine, tyrosine and phenylalanine) 
corresponding to 1 calorie from the majority of proteins is almost 
exactly the ketogenic value corresponding to 1 calorie from fatty acid, 
so that the percentage of calories from total protein may simply be 
added to those deriv^ from the fatty acid and treated as if they origi- 
nated in the same way. 

In this fashion it has been found that the critical ketogenic-antiketo- 
genic ratio is actually as the hypothesis demands, 1:1. Where the 
ratio exceeds this value, that is, ketogenic substances are consumed in 
excess of the molecular equivalent of the antiketogenic substances, 
ketone bodies appear in the urine and Acidosis tends to develop. Nor 
does the diabetic individual differ from the normal in this respect. 
For him, as for others, the maximum ketogenic-antiketogenic ratio 
which is compatible with safety is 1:1; he differs from others simply in 
that he fails to consume carbohydrates sufBciently rapidly to keep pace 
with his consumption of fats unless these are deliberately withheld 
from his diet. 

Su m marizing our present knowledge of diabetes mellitus, therefore, 
we infer that degenerative changes in the Islets of Langerhans in the 
pancreas involve an inability of the tissues to oxidize glucose with 
normal rapidity. For the complete oxidation of fats it is necessary 
that simultaneous oxidation of an equimolecular proportion of glucose 
should occur. This glucose may be derived either directly from carbo- 
hydrates in the diet, or indirectly from glycerol, or from the residues 
which result from the deaminization of amino-acids The inability 
to oxidize carbohydrates renders the calorific output insufficient to 
meet the needs of the tissues unless fats are oxidized. The diacetic 
acid residues arising out from these cannot be completely burnt because 
the rate of oxidation of carbohydrates is inadequate to keep pace with 
the rate of production of diacetic acid Hence diacetic acid appears 
in the urine and accumulates in the blood, the latter of these phenomena 
entailing more or less severe acidosis. 

It has long been assumed that the islets of Langerhans influence the 
oxidation of carbohydrates through the production of an internal 
secretion or Hormone, which is distributed from them to tlie tissues 
through the agency of the blood. Acting upon this assumption many 
attempts have been made to alleviate diabetes by the administration 
of pancreas tissue, or extracts, until recently wholly without avail. The 
attempt has also been made to graft healthy pancreas tissue from the 
same species into animals or human beings suffering from experimental 
or acquired diabetes, and these efforts have also failed to achieve their 
object. 
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The ori gin of these faUures has recently been ascert^ed by Banting 
and Best. It occurred to them that in all of the previous experiments 
the extracts or grafts which were employed represented two distinct 
types of tissue which are intermingled in the pancreas, the islet-tissue, 
namely, and the acinous tissue which produces the external secretion 
of the pancreas. Now the external secretion of the pancreas contains 
Trypsin, Lipase and Diastase, with other enzymes, and if any of these 
should chance to possess the ability of decomposing the hormone, their 
admixture in extracts prepared from the whole gland would result in 
the destruction of the glycolytic hormone. Accordingly they ligated 
the pancreatic duct in a number of dogs and thus brought about, in 
eight to ten weeks, complete degeneration of the acinous tissue. The 
residual islet tissue was then removed and extracted by maceration 
with Binger’s solution at a low temperature. The filtered extract, 
after warming to bodily temperature, was injected into the circulation 
of dogs which had previously been rendered diabetic by removal of the 
whole or a large proportion of the pancreas. 

The results were decisive. The blood-sugar fell almost immediately 
and glycosuria diminished in proportion. This sharply-defined result 
rendered possible the investigation of the effect of various procedures 
upon the active agent contained in the extracts. It was found that 
admixture with pancreatic juice rapidly brought about its complete 
destruction. Further experiments engendered sufficient familiarity 
with the properties of the active agent to permit its separation in a 
concentrated form from the mixed pancreatic tissues of animals, and 
the extract thus prepared, under the name of Insulin, is being utilized 
in the therapeutic treatment of human diabetes. The effect of sub- 
cutaneous administration is to bring about a pronounced fall of blood- 
sugar together with disappearance of acetone-bodies from the urine 
and alleviation of the acidosis and subjective symptoms of the disease. 
The hj'pothesis that the islets of Langerhans regulate carbohydrate 
metabolism through fvumishing an internal secretion to the blood may 
therefore be considered to have been established. 

oxmizma enztioes. 

In a variety of animals and plants there are to be found substances 
which are capable of accelerating certain oxidations. .These sub- 
stances, in the majority of cases, resemble the hydrolyzing enzjTnes 
in the minute quantities in which they are effective and in their insta- 
bility toward heat. In other cases they are tliermostable and even 
resist boiling. The discovery of the oxidizing enzymes we owe to the 
versatile investigator Schdnbein (1799—1868), who employed Guaiacum 
Tincture as a means of detecting them. This substance is tinged blue, 
a coloration due to oxidative changes, by many tissues and tissue- 
fiuids in the presence of peroxides, such as, for example. Hydrogen 
Peroxide. It is found, however, that the oxidizing ferments do not by 
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any means act upon all oxidizable substances equally, on the contrary 
there is a high degree of Specificity in their effects. Thus the enzyme 
or group of enzymes occurring in the liver and in the spleen which oxi- 
dizes Purines, converting, for example. Xanthine and Qypoxanthine into 
Uric Acid, does not attack alcohols, aldehydes or polyphenols. On the 
other hand the alcohol oxidizing ferment or Alcoholase, which oxidizes 
ethyl alcohol to acetic acid, does not attack purines or polyphenols. 

The best-studied examples of the oxidizing enzymes are those which 
are afforded by the Laccases, which bring about the hardening of 
lacquer varnish. A very active enzyme has been prepared from the 
sap of Rhys succedxmea by Bertrand, who coagulates the sap with 
alcohol, redissolves the coagulum in water and then recoagulates with 
alcohol. The coagulum is dried in TKumo and is then obtained as a 
white powder which is readily soluble in water, and is characterized 
by its high content of Manganese. The activity of the laccase in oxidiz- 
ing polyphenols is, in fact, dependent upon the presence of manganese. 
Thus, Bertrand, in studying the action of a similar substance from 
lucerne with and without die aid of manganous salts, obtained the 
following results; 

Manganous salt alone . 0 3 cc oxygen absorbed. 

Laccase from lucerne, alone * 0 2 ** ** “ 

Laccase plus manganous salt . 6 3 

We know that in many cases the oxides of poly\"alent metals may act 
as carriers of oxygen, through the intermediate formation of Peroxides, 
which are more active oxidizing agents than free oxygen itself. An 
example Trhich is very familiar to biological chemists is that afforded 
by the action of alkaline copper salts upon glucose. If a limited 
quantity of Fehling’s Solution be run into a boiling solution of glucose 
the solution is decolorized and the red cuprous oxide is precipitated; 
but upon exposing the mixture in a shallow vessel to the air, the 
cuprous oxide again takes up oxygen, passes into solution and tinges 
the fluid blue If the mixture be now boiled, the cupric hydroxide 
again parts wdth its oxygen to the excess of glucose, so that if the process 
be repeated a sufficient number of times a limited quantity of Fehling’s 
solution will oxidize a relatively unlimited quantity of glucose. This 
is, in fact, the chief pitfall in the practical emplo;yTnent of Fehling’s 
method of sugar estimation. In a similar manner many other metal 
oxides are capable of acting as activators or carriers of oxygen. 

According to Bach and Chodat the oxidizing enzjmies which occur 
in the majority of li\dng tissues in reality consist of two parts: the 
one part, the Oxygenase, playing the role that cuprous oxide plays in 
the oxidation of sugar, namely, that of a carrier of oxygen, while the 
other part, the Peroxidase, facilitates the transfer of the oxygen from 
the oxygenase to the material which is undergoing oxidation. Hydrogen 
Peroxide may in many cases take the place of the oxygenase, and hence 
we obtain the blueing of guaiacum tincture when blood or a tissue- 
30 
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extract together with hydrogen peroxide act upon it. The function of 
the manganous salt in Laccase appears to be associated with^ the 
oxygenase fraction, while in many oxidizing ferments found in animal 
fiTift other plant tissues, Lron plays the r61e which manganese plays in 
determining the activity of laccase. 

It has been ascertained by Onslow that many vegetable tissues 
contain catechol derivatives which enable them to turn guaiacum tinc- 
ture blue, through auto-oxidation of the catechol, and the subsequent 
transfer of active oxygen to the guaiacum through the agency of peroxi- 
dase. If, however, these catechol derivatives are removed by extrac- 
tion of the tissue with cold alcohol, then no blueing of guaiacum tincture 
occurs unless hydrogen peroxide is Etdded. Solutions of Catechol itself, 
Caffeic Acid, Frofeocatechuic Acid and Adrenaline slowly oxidize on stand- 
ing in contact with air, and then, with the addition of peroxidase, these 
are capable of turning guaiaciun blue. She believes that two enzymes 
are concerned in the oxidations which occur in plant tissues. The one. 
Oxygenase, accelerates the auto-oxidation of catechol derivatives, 
while the other. Peroxidase, transfers active oxygen from these peroxides 
to the guaiacum. The oxygenase described by Bach and Chodat is 
probably a mixture of oxygenase with derivatives of catechol. 

The majority of the oxidizing enzymes appear to be substances of a 
complex character, in many cases either protein in nature or closely 
associated with protein. It is probable that the majority of the 
oxygenases or oxygen-carriers are bodies analogous in complexity to 
hemoglobin and, like hemoglobin, containing iron or some other polyv- 
alent metal as an integral portion of the molecule. On the other hand 
Exiler and Bolin have shown that the Laccase from Medicago sativa is a 
relatively simple substance, being a mixture of the calcium salts of 
aliphatic hydroxy-acids. A synthetic mixture of the calcium salts of 
glycollic, citric, malic and mesoxalic acids was found by them to exert 
the same action in accelerating the oxidation of polyphenols as the 
natural laccase. This enzyme is, of course, thermostable. 

An important group of oxidizing enzymes is that of the Tyrosinases 
which convert tyrosine into dark-colored substances of complex struc- 
ture known as Melanins, which are probably identical with or closely 
allied to many naturally-occurring pigments. These enzjmes are 
found in many vegetable tissues and von Furth has also found them 
in the tissue-fluids of many insects and in the ink-sac of tlie cephalopod 
Sepia. These oxidases are also able to accomplish the oxidation of 
other hydroxy'-aromatic compounds, such as Catechol and Quinol. 

It has been shown by Harden and Henley that the fermentation of 
glucose by the Zymase in yeast is greatly accelerated, in the early 
stages of the reaction, by the presence of substances such as Acetalde- 
hyde or Methylene Blue, which readily undergo reduction, and therefore 
act as Hydrogen Acceptors. A similar part appears to be played in 
animal tissues by a dipeptid of Cystine and Glutamic Acid, which has 
been discovered by Gowland Hopkins and termed Glutathione. This 
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substance is widely distributed in animal tissues in low concentration 
(0.01 to 0.02 per cent), and is also found in yeast. When tissues are 
immersed in solutions of methylene blue they slowly reduce and decol- 
orize the dye. In faintly acid media (Ph=6.8) the rate of reduction 
of methylene blue is greatly retarded by admixtur-e with the dipeptid, 
which at this reaction acts purely as a hydrogen-acceptor, competing 
in this respect with the melhylene blue. If, however, the reaction be 
rendered faintly alkaline (Ph = 7.4) the effect of the dipeptid is reversed. 
The normal rate of reduction of methylene blue is then markedly 
accelerated by the addition of the dipeptid. It is inferred by Hopkins 
that the -S-S-group of the cystine moiety of the oxidized dipeptid acts 
as a hydrogen acceptor, and mder conditions of even slight acidity the 
resulting HS groups are too stable to transfer the hydrogen to another 
acceptor. At the faintly alkaline reaction which prevails in the blood 
and tissue-fluids, however, the hydrogen is at once transferred to the 
methylene blue. The tw^o reactions involved in the transference of 
hydrogen to the disulphide group under the influence of a peroxidase 
in the tissue and its subsequent transference from sulph-hydryl groups 
to the methylene-blue acceptor, together run faster than the single 
reaction in -which the dye is directly reduced through the agency of the 
tissue-enzyme. The dipeptid thus acts as a co-enzyme for the tissue- 
peroxidase, so that if we assume -that reducible substances in the 
tissues may play the part of the methylene blue in this experiment, we 
may infer that glutathione performs an important function in the 
facilitation of tissue-oxidations. The substance is soluble in water 
and may be extracted from tissue by repeated washing. With Sodium 
Nitroprusside and ammonia it yields a dark red color, resembling the 
color of permanganate solution. This reaction is given by' the majority' 
of tissues and tissue-extracts and is due to the glutatliione which they' 
contain It is easily' hy'droly'zed by' mineral acids, y'ielcling glutamic 
acid and cy'stine, but it appears to be wholly' resistant to the proteo- 
ly tic ferments of the tissues. 

An enzyme w'hich is often mistakenly' regarded as an oxhlizing 
enzyme is the Catalase, which occurs in nearly' all living tissues and 
which possesses the property' of decomposing peroxides, w'ithout, 
howe\er, liberating active oxy^gen. It is to this enzyme that the 
frothing of hy'drogen peroxide w'hen added to blood or saliva is due. 
It is in fact a retainer of oxidations and not an accelerator, for it antici- 
pates the action of peroxidase upon peroxides and decomposes them, 
thus depriving them of ability' to transfer oxy'gen to oxidizable mate- 
rials. It is probably' to be regarded as a controlling agent or check upon 
overactivity' of oxidizing enzymes. It has been shown by' Burge that the 
catalase-content of different tissues varies very' considerably', that of the 
liver being greatly' in excess of the catalase-content of muscular tissues. 
It has been observed by' Burnett, how'ever, tliat if a small proportion 
of liver-tissue be mixed w'ith muscle-tissue the pow'er of this mixture to 
decompose hydrogen peroxide is equal to that of an equal weight of 
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pure livep-lissue. According to Takeda the muscle extract merely 
prevents the destruction of the liver catalase through the “buffer 
action” of the salts and the proteins which it contains. White of egg 
and peptone solutions have the same effect as muscle-extract. 

BIOLDMINESCENGE. 

The phenomenon of bioluminescence or “phosphorescence,” which is 
displayed by so many organisms, both vegetable and animal, has 
recently been subjected to very careful study and analysis by N. 
Harvey. The peculiarity of bioluminescence is the extraordinary 
intensity of the light which is developed, without any perceptible 
waste of energy in the form of heat, an ideal unattainable by any 
means of illumination at present within our control. The luminescence 
is dependent upon the occurrence of oxidations, for it disappears when 
the luminescent system is deprived of oxygen, even when the lumines- 
cence is made to occur independently of the life of the organism, as in 
extracts made from the luminous tissues. 

Both Dubois and Harvey, the two leading investigators of this 
phenomenon, are agreed that the production of luminescence in 
animal or plant-tissues or tissue-extracts requires the interaction of 
tw'o substances. The one of these is, according to Harvey, the sub- 
stance from which the luminescence proceeds, and it is very slowly, if 
at all, diminished in amotmt by the production of light; this he terms 
the Pbotogenin. The other substance facilitates the oxidation of the 
photogenin and is progressively consumed in the process; this he terms 
Pbotophelein. The photogenin is colloidal, i. e., does not pass through 
a dialyzing membrane of parchment, and its light-producing ability is 
destroyed by heating. The photogenin from the luminous crustacean 
Cyprid%na, at all events, appears to be a protein. It is associated with 
iron, copper and manganese, but whether the presence of these metals 
is essential to its luminescence has not yet been ascertained. The pro- 
teolytic enzymes destroy its light-producing power. Photoiihelem, on 
the other hand, appears to be a substance related to the protc‘oses (»r 
peptones in many of its properties, but it is not digestible by iiroteolytic 
enzymes and it is soluble in alcohol. 

The separation of photophelein and photogenin from one another 
may be accomplished by extracting the luminescent animals or organs 
with hot water. This extracts the photophelin and destroys the pho- 
togenin. A solution of photogenin may be prepared by extracting a 
luminous organ with cold water and allowing the extract to stand until 
all luminescence has disappeared, when the photophelein has been 
apparently exhausted. On now muting these two non-luminous solu- 
tions a bright luminescence at once appears. 

The actual source of light has been shown by Harvey to be the 
photogenin, in the_ following ingenious manner: The light emitted by 
the Eastern American firefly PhoUnus is orange in color, while that 
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emitted by Photuris is greenish-yellow. If, now, photirvus photogenin 
is mixed with photophelein from either Photinus or Phoittris the color 
of the luminescence is that emitted by Photinus, namely, orange, and 
conversely Photuris photogenin yields greenish-yellow light whether 
the source of photophelein be Photuris or Photinus, Evidently, 
therefore, the character of the light emitted is determined by the 
photogenin and not by the photophelein. 

The action of photophelein is, to a limited extent, specific. Thus 
firefly-photophelein will cause emission of light by photogenin derived 
from other insects, but none from photogenin derived from crusta- 
ceans. On the other hand photogenin may be caused to luminesce 
by many substances which are not of animal and vegetable origin, and 
particularly by fat-solvents and other Cytolytic Agents. Thus lumi- 
nescence of photogenin may be caused by ether, chloroform, saponins 
or bile-salts. Harv’ey believes that these substances promote oxidation 
of the photogenin by increasing the fineness of the subdivision of the 
colloidal particles of which it is composed, and thus increasing the 
area of exposure to oxygen. 

The part played by photogenin itself may also be imitated by a 
variety of reagents. Thus many aldehydes, polyphenols such as 
pyrogallol, terpenes, waxes, glucose, leciAin, cholesterol, cetyl and 
niyricyl alcohols, tannic and gallic acids, certain peptones and the bile- 
acids will emit luminescence when treated in certain concentrations 
with specific oxidizing-agents. Pyrogallol, for example, will luminesce 
when treated with plant Peroxidases or with Hemoglobin or by certain 
salts such as potassium permanganate and potassium ferrocyanide, 
if hydrogen peroxide is also present. For each oxidizer and oxidizable 
substance there is an optimal concentration above and below which the 
light-emission diminishes. Thus one-molecular pyrogallol solution 
will give no light if mixed with ^ potassium ferrocyanide and a little 
three per cent hydrogen peroxide, but or pyrogallol will 
gi\ e a bright light, while the light from lo o°o o ~ o Pyrogallol is only just 
\ isible. On the other hand “ potassium ferrocyanide gives no light 
witli a mixture of pyrogallol and hydrogen peroxide, while “7 
potassium ferrocyanide causes bright light-emission. 

The phenomenon of bioluminescence therefore depends upon the 
simultaneous presence, in solution, of a special type of oxidizable 
substance, and an oxidizing agent which presents some analogies to 
an oxidase, but is thermostable and diffusible, and to some extent used 
up in the reaction which it accderates. 
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CHAPTER XVIIL 


PROCESSES INFERRED FROM INDIRECT OBSERVATION; 
THE ENERGY-TEIANSFORMATIONS IN 
LIVING ORGANISMS. 


THE 1NELT7ENCE OF TEMPERATUBE UPON LIFE-PBOCESSES. 


The influence of elevation of temperature upon a chemical reaction 
may be twofold. If the reaction is at all exo- or endothermic, that is, 
if any heat is liberated or absorbed during the progress of the reaction, 
an elevation of temperature will bring about a definite change in 
Equilibrium, so that at the conclusion of the reaction the final relative 
proportion of the various components is altered. On the other hand 
a rise in temperature always accelerates the attainment of equilibrium 
whatever the station of equilibrium may chance to be. Thus, not- 
withstanding the fact that the majority’' of the hydrolyses "which occur 
in living tissues are exothermic, so that a rise in temperature tends to 
shift the equilibrium in the direction of less complete hydrolysis, yet 
the rate of Hydrolysis being more than proportionately accelerated, 
enzymatic hydrolyses which are barely perceptible at low tempera- 
tures become extremely rapid at the body-temperature of warm- 
blooded animals. 

The effect of temperature upon the velocity of a chemical reaction 
may be expressed by the equation : 



in which “ki*’ and “ko” signify the velocity-constant at the absolute 
temperatures “Ti” and “To” respectively, “e” is the base of the 
Napierian logarithms and /i is a constant, differing m different reactions, 


but almost in\ariablv possessed of such a value that the ratio 

Ko 

exceetls 2 when Ti — To = 10®. The Temperature-coef&cient of a chemical 
reaction therefore, or the ratio 


Velocity of the reaction at T + 10° 

Velocity of the reaction at T 

is in almost every case greater than 2 and may be very greatly in 
excess of this value. 

The behavior of physical, that is to say molecular phenomena rather 
than atomic, which are affected by temperature, is quite different. 
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The effect of temperature is in these phenomena quantitatively mucli 
less than it is in phenomena which arise from chemical transforma- 
tions. Thus the Viscosity of a liquid is diminished by an elevation of 
temperature, it is true, but the reduction of viscosity which is brought 
about by a rise of ten degrees in temperature does not exceed about 
twenty per cent, so that the ratio: 

Viscosity at T + 10** 

Viscosity at T 

is 1.2 or thereabouts. Consequently all the physical phenomena in 
solutions which are dependent upon the viscosity of the solvent, such as 
electrical Conductivity and Diffusion, are affected in a similar degree 
by elevation of temperature. Those phenomena of which the rate is 
determined by changes of Surface-tension have, in fact, a temperature- 
coefficient of less tiian unity, the velocity of changes in capillary 
tension being actually reduced by elevation of temperature. 

One consequence of this decided quantitative difference between 
the effects of temperature upon chemical and physical phenomena is 
that we may, with a fair degree of confidence, employ the temperature- 
coefficient of a complex phenomenon which involves physical as well as 
chemical changes as a means of gauging the extent to which the velocity 
of the process is governed by the chemical transformations which it 
involves. If the pace is set by the rate at which some chemical change 
transpires, then the rapidity of the process will be at least doubled 
and not improbably more than doubled by a rise of ten degrees in 
temperature. But if the chemical transformations are subordinate to 
some physical process and must await its development before they can 
proceed, or if they are simply consequent upon physical changes such 
as electrolysis, or alterations in surface-tension, then the pace of the 
whole process will be set by this physical event and the temperature- 
coefficient of the process may be expected to be less than 2 or even very 
considerably less than 2. 

We have already seen that the various enzymatic hydrolyses which 
occur in the digestion of the foodstuffs yield temperature-coefficients 
which lie between 2 and 4; all of them exceeding 2 at temperatures 
which are not too far above the temperature of the warm-blooded 
animals. The temperature-coefficient of enzymatic processes neces- 
sarily declines very rapidly at temperatures which are much in excess 
of 40°, because at these temperatures the acceleration of the auto- 
destruction of the Enzyme itself is so great that its loss of activity more 
than compensates for the gain in the velocity of the hydrolysis which 
the residual undestroyed enzyme is able to bring about. We have, in 
fact, to deal with the resultant of two opposed processes botii of which 
are accelerated by elevation of temperature. At lower temperatures 
the acceleration of hydrolysis is the predominant result of raising the 
temperature, but at higher temperatures destruction of the enzyme 
becomes the controlling factor. The temperature-coefficient for 
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enzyme destruction is exceptionally high, so that the rate of auto- 
destruction may be imp»*ceptible between 30® and 40® and extremely 
rapid at temperatures lying between 40® and 60®. 

Even in a single imcomplicated chemical transformation the tem- 
perature-coefficient is not constant, for, reverting to the equation: 



we see that the temperature-coefficient for 10® temperature-inter\'al 
is given by: 



It is therefore not independent of the absolute magnitude of the tem- 
perature employed; in fact the temperature-coefficient must invariably 
decrease as the temperature rises. Assuming a value of ^ = 13,200) 
which would yield a coefficient of 2 between the temperatures of 30® 
and 40®, the following table shows the coefficients which might be 
anticipated at other temperatures: 

Temperature- 


Temperature interval. coefiEicient 

0® to 10® 2 34 

10® to 20® .... 2 22 

20® to 30® . . 2 11 

30® to 40® . . . . 2 00 

40® to 50® . . . . . 1 92 


The reduction of the coeflBcient for enzyme reactions at temperatures 
above 40° is, however, much more extreme than could be accounted for 
in this fashion, the coefficient ultimately falling to zero at the thermal 
limit for the activity of the enzyme. 

The actual phenomena of life are almost invariably of a mixed 
character, involving physical as well as chemical processes and changes, 
and we may inquire through the investigation of their temperature- 
coefficients whefier the physical or the chemical factors predominate 
in determining the rate of performance; whether the chemical trans- 
formations, in other words, are consequent upon preceding physical 
changes or whether, on the contrary", the physical modifications of 
protoplasm await and are the resultant of the chemical transformations 
which accompany the performance of vital activities. 

The first investigator to apply this criterion to the study of life- 
phenomena was Cohen, who in 1892 pointed out that the previous 
measurements by Clausen of the rate of production of Carbon Dioxide by 
germinating seeds showed that this process is approximately doubled 
in velocity by an elevation of 10° in temperature until an upper limit 
somewhat exceeding 40° is attained, when the rate of the tissue-respira- 
tion falls off owing to heat-injury. This method of inquiry was 
extended to animal tissues by C. D. Snyder, who investigate the 
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influence of temperature upon the Bate of the Heart-beat in the isolated 
heart of the Pacific terrapin, Cl&tnmys mannorata. The following are 
illustrative results: 



Number of heart-beats per minute 

Time of exposure 
to the temperature. 

Heart 1 

Heart 2 

Heart 3 

Heart 4 

Heart 6 

Heart G 

minutes 








H 

o 

0 

T = 

. 20° 

T - 

« 30° 

5 

9 5 

9 5 

21 5 

21 0 

48 

48 

10 

7.0 

9 0 

21 0 

24 0 

48 

44 

15 

6 7 

8 7 

19 0 

18 0 

48 

40 

20 

7 0 

8 2 

19 0 

16 5 

41 


30 

7 0 

7 0 

16 0 

14 0 



40 

6 5 

7 9 

15 5 

15 5 



50 

6 5 

7 9 

13 5 

16 0 



60 

6 2 

7 4 

13 0 

15 0 




It is evident that the rate of the beat is approximately doubled for 
each 10° rise in temperature. From the data quoted and others 
obtained by Snyder the following average coefficients may be com- 
puted: 

HEART- BEAT OF CLEMMYS MARMORATA. 


Tempetatiire~interva.l 
10® to 20° 

20° to 30° 

30° to 37° 


Toniporatiiro-coofiiPient 
for 10° iiilorvals 

..23 
2 2 
1 6 


At temperatures exceeding 37° the rate of the beat, instead of increas- 
ing, diminished xmtil the heart came to a standstill owing to irreparable 
heat-injury. These experiments were subsequently rcpeate<l upon 
the isolated heart of another species of terrapin, Kmj/ft euro pea, by 
Galeotti and Piccinini, and by Snyder upon the isolated heart of tlie 
frog, and by Kanitz upon the isolated mammalian heart. 

The heart in situ is, however, considerably modified in its behavior 
and particularly in the rate of beat by the nervous control to wliich it is 
subjected. The study of the heart-beat in the intact animal therefore 
involves more numerous and more complex factors than that of the 
beat of the excised heart. Nevertheless in this case also tlie rate of 
the beat is primarily determined by the velocity of underlying chemical 
changes. Thus in the minute transparent fresh-water crustacean 
Ceriodaphnia, the heart can be viewed through the body-wall of tlie 
animal and the beats counted at a variety of temperatures. The 
following are illustrative of the results obtained by this method: 


Temperature-interval. 
11° to 21° . 

15° to 25° 

17° to 27° . 

19° to 29° . 

21° to 31° . 


Temperature-coefficient. 

... 2 76 

. . . 2 24 

. . . 2 05 

... 2 06 
. . . 1.14 
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At a temperature slightly above 31® the heart-beat ceases and the 
organism dies. 

In the case of the crustacean Limvlus the Heart-ganglion can be 
heated or subjected to other manipulation without directly involving 
the heart-muscle itself, and Carlson has found that by heating the 
ganglion alone the heart-beat is accelerated, the unusually high tem- 
perature-coeflBcient of 4 being obtained. 

On the other hand, in the Embryonic Heart, in which the mechanism 
of nervous control is probably not yet established, the rate of the 
heart-beat is similarly affected by temperature, being doubled or trebled 
by a rise of ten degrees. The following are results obtained by Loeb 
and Ewald, employing the embryos, still enclosed within the egg, of 
the marine fish Funduhis: 


Temperature 
30 ® . 

25 ® 

20 ® 

15 ® 

10 ® 

5 ® 

10 ® 

15 ® . 

20 ® . 
25 ® 

30 ® . 


Time required for 19 
heart-beats in the 
embryo seconds. 

. . . 6 25 

. 8 5 

. 11 5 
19 0 
32 5 
. 61 0 
. 33 5 
. IS 8 
12 0 
10 0 
. 6 0 


It is evident, therefore, that both the muscular and ner\"ous mechan- 
isms involved in the regulation of the rate of the heart-beat are pri- 
marily conditioned, as to their velocity, by underlying chemical 
transformations. 

Loeb and Ewald have drawn attention to the fact that in Ftuidulus 
embryos the rate of the heart-beat is almost the same in all the embryos 
exposed to the same temperature, provided they still remain enclosed 
within the egg. This is because of the elimination of all secondary 
disturbing factors. As soon as the embryos begin to move, this 
equality disappears, because the motility of different embryos differs 
and the products discharged from the contracting muscles influence 
the rate of the heart-beat. In man and in other higher animals, the 
number of the disturbing factors, w'hile the heart remains in are 
so great that no uniformity of rate at any given temperature can be 
expected. “ Differences in emotions or the internal secretions following 
the emotions, differences in metabolism, differences in the use of nar- 
cotics or drugs, and differences in acthdty are only some of the number 
of variables w’hich enter.” (Loeb ) Hence the attempt to compute the 
temperature-coefficient of the heart-beat in situ in man from the 
acceleration of the beat in Fevers is illogical, and w'e find, as a matter of 
fact, a great deal of discordancy in the values computed from data of 
this kind, coeJBScients varying from 1.8 to 5 having been reported. 

The Bespiratory Rhythm is even more susceptible to modification 
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by sensory stimuli, muscular exertion and so forth than the cardiac 
rhythm, and consequently the coefficients which have been observed 
for the rate of the respiratory movement at different temperatures are 
not of so uniform a character as those which are cited above. Never- 
theless the influence of temperature upon the Respiratory Center is 
extremely striking. It has long been a familiar fact that warming the 
blood in the carotid artery, by causing it to flow through a heated tube, 
results in a marked acceleration of the respiratory rhythm, and in 
frogs it has been shown that the direct application of heat to the floor 
of the fourth ventricle leads to a very decided increase in the rapidity 
of respiratory movements. It is an extremely interesting fact that the 
effect of temperature upon the respiratory rhythm of cold-blooded 
animals is very much greater at a low oxygen-tension than at a high, 
possibly because when the oxygen-tension is low and the consumption 
of oxygen by all of the tissues is accelerated by an elevation of tempera- 
ture, 5ie effect of the temperature elevation itself is aided by the 
stimulation of the respiratory center which lack of oxygen indirectly 
entails, while when oxygen is abundant there is sufficient for the needs 
of all the tissues even at high temperatures, and the secondary stimu- 
lation of the center does not occur. 

The influence of temperature upon the velocity of '*Basal Metab- 
olism*’ or tissue-respiration can only be studied in cold-blooded animals 
under conditions which exclude muscular movement, which would, of 
course, introduce irregular fluctuations in the rate of consumption of 
oxygen. This problem has been approached by Krogh in several 
ingenious ways. One method was to employ the pupte of insects in 
which tissue-respiration is of coxirse maintained but muscular move- 
ment is arrested. The following were results obtained with the pupai 
of the mealworm, Tenehrio mohtor: 


Temperature 
10 0 ° . 
15 0 ® . 
20 0 ® . 
25 0 ® 

30 0 ® 

32 6 ® . 


Oxygen-oonsumption 
per kilogram-hour 

43 5 
104 0 
185 0 
300 0 
445 0 
529 0 


Teniporiit ui o-foofficipnl 
por 10“ C 

5 7 
3 2 
2 0 
2 2 
2 2 


It will be observed that the temperature-coefficient is very high at 
low temperatures and falls rapidly as the temperature rises- A similar 
characteristic distinguished the temperature-coefficient of the time 
consumed in the pupal stage of development: 


Temperature 
13 46 ® 

15 56 ® 

17 00 ® 

18 80 ® 

20 90 ® 

23 65 ® 

27 25 ® 

32 70 ® 

32 95 ® 


Hours spent in pupal 
condition. 

1116 0 \ 
742 0 / 
593 0 1 
439 6 V 
320 0 I 
234 1 1 
172 5 / 
137 9 1 
134 25 / 


Temperature-coefiioient 
per 10® C. 

0 2 
4 9 

2 6 
1 5 
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We may infer that the time spent in the pupal stage depends upon 
the extent of tissue-oxidation which has occurred. 

By employing curarized frogs and decerebrated turtles Krogh was 
also enabled to investigate the effect of temperature upon the Tissue- 
respiratioiL of these animals. The values of the coefficients obtained 
lay between 2 and 4, but the values were not foimd to be so greatly 
affected by the position on the temperature-scale of the temperature- 
range employed as in the case of the insect-larvae. 

The influence of temperature upon the Bate of Development of 
organisms is again of a similar character. Thus, Hertwig has investi- 
gated the influence of temperature upon the time taken to reach seven 
different arbitrarily chosen stages of development of the larvae of a frog, 
Rana fusca. The following were the results obtained: 


Temperature-coefficient for 10** 


interval 

Stage I 

Stage 11 

Sta^e III 

Stage IV 

Stage V 

Stage VI 

Stage VII. 

2. 5® to 6® 

6 0®to 15® 

10 0 

2 6 

13 0 

2 6 

15 0 

2 5 

14 0 

2 6 

3 1 

3 5 

4 5 

10 0® to 20® 

2 9 

3.3 

3.2 

2 9 

3 5 

3 4 

3 3 

20 0® to 14® 

1 5 

1.4 

2 0 

2 0 

2 0 

2 0 

1 8 


We have seen that the rate of development in the pupal stage of 
insects and the rapidity of their basal metabolism are very similarly 
influenced by temperature, so that we may infer with probability that 
oxidations determine the duration of this period of development. This 
is not the case in the earliest stages of development, however, for 
Loeb and Wasteneys have investigated the influence of temperature 
upon the time which elapses between insemination and the first cell- 
division in sea-urchin eggs and have compared with this the effect of 
the same temperatures upon the ox\"gen-consumption of the eggs. 
The t\No sets of temperature-coefficients are uimiibtakably of the 
magnitiKle of the coefficients of chemical reactions, but the\ are ver\ 
diversely affected by alteration of the position of the temperature- 
range, as the following figures show: 


Temperature- 

interval. 


Tpnipt‘rature-t’oeth»»if lit of Tt nipt ratun -* n» ft'n k ut 

rate ut sosniontation in ut rate ut ttxidjitiuu m 




Stronylycf nirotu i 

Arbacia 

ArLat la 

3® 

to 13® 

. 3 91 


2 IS 

4® 

to 14® 

3 bS 



6® 

to 16® 

3 52 


2 16 

7® 

to 17® 

. 3 27 

7 3 

2 00 

8® 

to 18® 


6 0 

. 

9® 

to 19® 

2 04 

4 7 


10® 

to 20® 

1 90 

3 8 

2 17 

11® 

to 21® 


3 3 

. 

12® 

to 22® 

. 1 74 

3 1 

, 

13® 

to 23® 


2 8 

2 45 

15® 

to 25® 


2 5 

2 24 

16® 

to 26® 


2.6 


17 6® 

to 27,5® . 

• 

2 2 

2.00 

20® 

to 30® . . 

• • . .... 

1.7 

1.96 
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Not only oxidations, therefore, but some other chemical factors 
even more susceptible to temperature change are involved in deter- 
mining the rapidity of the cell-divisions in the early stages of develop- 
ment. 

Other forms of growth, for example Regeneration, as A. R. JMoore 
has shown, are also affected by temperature to the extent characteristic 
of chemical reactions. 

In all of the life-processes hitherto mentioned the general order of 
magnitude of the temperature-coefficients has been the same. When, 
however, we come to study the temperature-coefficients for the Dura- 
tion of Life we meet with a startling disparity of quantitative effects, 
for whereas, for example, it takes a rise of nearly ten degrees to double 
the rate of the heart-beat, or the rate of respiratory movements or the 
rate of cell-division or regeneration or tissue-oxidations, yet a tempera- 
ture-elevation of merely one degree, as J. Loeb has shown, serves to 
halve the duration of life of fertilized or unfertilized eggs of the sea- 
urchin, and lowering of the temperature by ten degrees prolongs the 
life of the organism 2'®, that is to say over a thousandfold. The 
temperature-coefficient of the processes underlying the thermal death 
of the cells is therefore no less than 1000. A. R. Moore has investi- 
gated the influence of various temperatures upon the duration of life 
of a hydroid, Tvbvlaim crocea, judging viability by the retention of the 
power of regeneration. The following are illustrative results: 


Temiierature 

Duration of life 



26“ 

55 to 

60 hrs 


0 ' 

26“ 

25 to 

30 


2 

27“ 

15 to 

18 


1 

7 

28“ 

7 to 

8 

u 

2 

2 

29“ 

130 to 140 mins 

3 

3 

30“ 

50 to 

60 

« 

2 

4 

31“ 

30 to 

40 

M 

1 

o' 

32“ 

14 to 

15 

U 

2 

4 

33“ 

7 to 

8 

« 

1 

0 

34“ 

3 to 

4 

« 

2 

1 

35“ ■ 

2 to 

3 


1 

4 

30“ 

I 2 to 

2 

« 

1 

5 


mtcrvul of 10* 


dUOO 


4.S5 


It is obvious that here we are dealing with a pheiionionon of (piite 
a distinct nature from the other phenomena of life wliic*li we have 
hitherto been considering, and the question immediately suggests itself 
w’^hether any clue exists as to the origin of this remarkable suscep- 
tibility to temperature. Now on comparing the temperature-coeffi- 
cients of various reactions involving Enzymes, one group stands out 
from all of the rest by reason of the extraordinary magnitude of the 
temperature-coefficients, and that is the group afforded by the Auto- 
destruction which various enzymes imdergo in solution. The following 
data are cited after Arrhenius: 
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Nature of process. 

Hydrolysis of sugar by acids . 

“ invertase 

Saponificatiozi of ethyl acetate by NaOH 
** triacetin by lipase . 

** cottonseed oil by lipase 

Digestion of gelatin by pepsin 
“ trypsin 

“ egg-white by pepsin . 

Coagulation of milk by rennet 

Spontaneous destruction of trypsm in solution . 

" ** pepsin m solution . 

** “ rennet in solution . 

“ ** vibiiolysin in solution 

** “ tetanolysin in solution 

“ ** hemolysin in solution 


Numerical value 
of AC 
. 25,600 

9,080 
11,160 
16,700 
7,540 
10,750 

10.670 

15.670 
20,650 
62,034 
75,600 
90,000 

128,000 

162,000 

198,500 


The relationship between the value of in the equation : 


ko 



and the temperature-coeflScient for the ten-degree interval between 
20® and 30® C. is shown in the following table: 


Textural ure 
coefficient of 


Corrcsi>ouding to the 
value of jci 


2 

10 

100 

1,000 

10,000 


13,200 

44.000 

88.000 

132.000 

176.000 


It is evident therefore that the temperature-coefficient of the 
duration of life corresponds not at all with that of enzymatic hydrol- 
\ seh, but it is, on the other hand, of precisely the order of magnitude 
encountered in the autodestruction of enz^Tnes or of specific anti- 
bodies It is to the ilestruction of enzymes, consequenth% that we 
nia>' attribute the thermal death of organisms excepting in those cases, 
ah in spores of seetls, in which the essential tissue-enzymes are thermo- 
stable and the temperatures required to kill the tissue are those which 
suffice to coagulate Protems. For example, Goodspeed, who investi- 
gate<.l the thermal death of barley-seeds, exposed them to temperatures 
ranging from 55° to 70° C. and obtained a temperature-coefficient of 
10 for the duration of life, a coefficient which is very close to the value 
8 obtained by Chick and Martin in estimating influence of tempera- 
tures of similar magnitude upon the rate of coagulation of Hemoglobm. 

The remarkable disparity between the effects of temperature upon 
the Life-duration and the Development of organisms has been applied 
by Loeb to the explanation of what would otherwise be an exceedingly 
puzzling fact, namely, the extraordinary density of the population of 
the polar seas. In his account of the Valdivia expedition, Chun^ calls 


^ Cited after J. Loeb. The Mechanistic Conception of Life. 
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especial attention to the quantitative different in the siuftwe fauna 
n.nd flora of polar and temperate or tropical regions: “In the icy water 
of the Antarctic, the temperature of which is below 0® C., we find an 
astonishingly rich animal and plant life. The same condition with 
which we are familial; in the Arctic seas is repeated here, namely, that 
the quantity of plankton material exceeds that of the temperate and 
warm seas.” And, again, in describing the pelagic fauna in the region 
of the Kerguelen Islands he states, “The ocean is alive with trans- 
parent jell^sh, Ctenophores (Bolina and CaUianira) and of Sipbono- 
phore colonies of the genus Agalina." 

This observation, which has been repeatedly made by Arctic and 
Antarctic travellers, would appear paradoxical in consideration of the 
effect of temperature upon development, for the rate of development 
of organisms is, as we have seen, halved or even reduced to a greater 
extent by a drop of 10° C. in temperature. When, however, we reflect 
that the duration of life of these slowly developing organisms is pro- 
longed a thousandfold, the density of the polar population becomes 
explicable, for the net result of these opposed effects would be a great 
increase in the nmnber of surviving individuals and in the number of 
successive generations simultaneously inhabiting the cold waters. 

The temperature-coeflBcients of the life-processes which we have 
hitherto considered have all been of such a magnitude as to clearly 
invite the supposition that the velocities of the phenomena are deter- 
mined by the rate at which underlying chemical transformations occur. 
We now come to a life-phenomenon of peculiar character in which the 
testimony of the temperature-coeflficient is far from being so unequivo- 
cal, namely, the Conduction of Stimuli along the fibers of a motor-nerve. 

The influence of temperature upon the rate of conduction of the 
nervous impulse was first investigated by S. S. Maxwell, who employed 
for this purpose the pedal nerve of a large slug, Ariolimax colvvibianufi. 
This nerve was selected on account of its considerable length an<l the 
slowness of the propagation of the impulse, permitting a much greater 
exactitude of measurement than is possible in the shorter and more 
rapidly conducting sciatic nerves of a frog. The following table 
summarizes the results: 


Tcmperature-intcrvul 
-0 6® to 9 5® 

0 0® to 10 0® 

1 0® to 11 0® 
3 0® to 13 0® 

5 0® to 15 0® 

6 0® to 16 0® 
9 0® to 19 0® 

11 0® to 21.0® 

11 5® to 21 6® 

12 5® to 22 5® 

13 0® to 23 0® 

14 0® to 24 0® 
16 0® to 26 0® 


Tcmporaturo-cocilicient 
2 14 
1 79 

1 98 

2 07 
1 29 
1 67 
1 32 
1.47 
1.54 
1 67 
1 65 
1 32 
1 81 
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It will be seen that dmost the only coefficients approaching the 
numerical value of 2 are those obtained at the lowest temperature- 
ranges,^ nor is this a peculiarity of the type of nerve-fiber employed 
by Maxwell, for the later investigations of Lucas and Gantor on the 
transmission of impulses in the motoivnerves of frogs bear similar 
testimony. The following are the results obtained by Gantor: 


T6inperatuxa-ooefficieaQ.t for 10° interval. 
Expenmental senes number 


mperature. 

1 

2 

3 

4 

5 

Average 

0 0 


2.35 

1.86 

. . . 

. > • 

... 

2 5 . 


2 28 

1.77 




5 0 

2.03 

1.79 

1.79 

1 97 

2 09 

1 87 

7 5 

1 82 

1.64 

1.65 

1 95 

1 51 

1 77 

10 0 

1 79 

1 60 

1 57 

1 95 

1 59 

1 71 

12 5 

1.66 

1 53 

1 62 

1 81 

1 76 

1 64 

15 0 

1.69 

1 48 

1 55 

1 77 

1 67 

1 61 

17 6 



1 50 

1 68 



20 0 . 

. . 

. 

1 47 

1 61 




These coefificients are intermediate in value between those usually- 
obtained in physical phenomena and those which may characterize 
chemical transformations. We are -therefore led to suspect that physi- 
cal events play a large part in determining the rate of transmission of 
nerv'ous impulses. This view is rendered the more probable by the 
historical difficulty which has been encountered in demonstrating the 
existence of any metabolic changes in nerve-fibers or their enhance- 
ment by stimulation, and while the results of Tashiro demonstrate 
a minute evolution of carbon dioxide from excised nerves, it cannot 
be regarded as proved that this metabolic activity is very closely 
associated with the conduction of the stimulus. It may, rather, be 
concerned with the maintenance of the nutrition or repair of the nerve, 
and the inability of neive-fibers to display fatigue on repeated stimula- 
tion lends strong encouragement to this view, for evidently very little 
material is used up in consequence of their excitation. On the other 
hand Carlson’s experiments with the heart ganglion of Liniulu^s an<l the 
above-cited experiments on the effects of heating the respiratory center 
show that chemical changes play a predominant role in the activities 
of Nerve-cells, and, as a matter of fact, the consumption of ox>gen 
by the brain is very large, and it is the first tissue to suffer from lack of 
oxygen, indicating a very high level of metabolic activity in the ceUuktr 
elements of the nervous system. The conducting fibers and the nerve- 
cells from which they issue stand therefore in sharp contrast to one 
another in respect to the metabolic foundations of their functional 
actixdty, and we are thus led to recall the fundamental difference 
betwreen their susceptibilities to the various classes of chemical stimu- 
lants to which reference has been made in a previous chapter. Nerve- 
fibers are powerfully stimulated by salts which precipitate calcium, 

^ A smaU number of coefficients exceeding 2 are attributed by MaxweU to expen- 
mental errors and are not included in the above averages. 

31 
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nerve-cells are insensitive to these reagents. Nerve-cells are stimu- 
lated by a variety of specific substances, by polyphenols and by 
Creatine, for example, to which nerve-fibers are indifferent. 

The phenomena of Muscular Contraction and the change which trans- 
forms the nervous impulse into a muscular stimulus at the myoneural 
junctions aie, it would appear, conditioned in their speed by underlying 
chemical reactions. Thus Burnett has determined the influence of 
temperature upon the Latent Period of indirect muscular stimulation 
(i. e., through the intermediation of a motor-nerve) and finds that the 
period consumed in the transformation of the nervous into the muscular 
stimulus is halved or even more reduced by a rise of ten degrees in the 
temperatm*e. Similarly the changes involved in the stimulation of 
Sensory Nerve Xhidings are determined by chemical factors, since T. E. 
Moore has shown that the temperature-coefficient of the reaction to 
cutaneous stimulation by heat is of the chemical magnitude. Corre- 
sponding with these facts we find that nerve-endings readily undergo 
fatigue. We have seen that the rate of the heart-beat is doubled or 
more than doubled by a rise of lO® and the same thing has lieen found 
to be true for other rhythmic muscular contractions. The rate of 
conduction of the Action-current in Muscles, however, appears, from 
the investigations of Lucas, to be a process analogous to the conduc- 
tion of a nervous impulse, comparatively little affected by temperature 
(coefficient from 1.45 to 1.65). 

It is a general characteristic of Photochemical Beactions, and a {lecu- 
liarity which distinguishes them from all other tyi>e3 of chemical 
transformation, that they are practically unaffected by temperature, 
^e temperature-coefficients being usually unity, and at any rate not 
in excess of the magnitudes commonly obtained m purely pliysical 
phenomena. This being the case it is a very significant fact that the 
tempCTature-coefficients of the phenomena induced by light in living 
organisms are usually high and distinctly of the order indic-ating the 
involvement of chemical reactions of the ordinary tjix*. Thus the 
phototropic bending induced by light in Avemt mtiva has In'en shown 
by de Vries to be increased from three to five times in velocity by a 
rise of 10° in temperatiue. Still more remarkable is the fac*t that the 
Assimilation of Carbon Dioxide by green plants in sunliglit which 
underlies the Photosynthesis of Carbohydrates is also doubled or more 
than doubled by a rise of ten degrees in temperature; the following 
results we compiled from the measurements of Gabriellc Matthaei, the 
absorption measured being that of leaves of JPrunus lawrocerasus 
exposed to gaslight of constant intensity: 


Temperature 
-6 0 ® 

0 0 ® 

10 0 ° 

20 0 ® 

30 0® 

37 0® 
40,6® 


Carbon dioxide 
assimilated 

0 2 
1 75 
4 2 
8.9 
15.7 
23 8 
14 9 


Teniporature-coefficient 
por 10® C 

28 70 
2 40 
2.12 
1.76 
1.81 
0 
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Heat-injury already appears at 30®, but below this temperature the 
coefficients clearly indicate that the rate of assimilation is not deter- 
mined by the photochemical process but by a reaction of the ordinary 
type. These results may be interpreted by supposing that the photo- 
chemical reaction (transformation of CO 2 and H 2 O into formald^yde) 
is retarded by its product, and that the speed of photosynthesis is 
therefore determined by the rate at which this product is removed by 
a secondary reaction (condensation of formaldehyde into glucose). 

THE INFLUENCE OF LIGHT UPON LIFE-PBOCESSES. 

Photosensitive Substances are of very widespread occurrence in living 
tissues. This is evidenced by the fact that the effects of light upon 
organisms are not by any means confined to the specialized cells which 
comprise the visual organs in the higher metazoa. The sjmthesis of 
Carbohydrates in plants is brought about by the action of sunlight upon 
vegetable tissues which contain Chlorophyll or some analogous pigment 
and are exposed to an atmosphere containing carbon dioxide, but, quite 
independently of this, light additionally exerts an effect upon the proto- 
plasm of the cells of most plants, leading to a bending of sessile forms 
or an actual migration of motile forms toward or away from the source 
of light, a phenomenon known as Phototropism or Heliotropism. This 
phenomenon is also very generally displayed by animals, and the 
investigations of J. Loeb have demonstrated that the mechanism of 
heliotropism in animals and in plants is essentially the same, nor is it 
invariably associated, even in animals, with the possession of specific 
light-sensitive organs. For many of the unicellular forms of life sun- 
light is very definitely toxic, and this is true not only for pigmented but 
also for colorless cells. The most toxic portion of the spectrum lies 
in the ultraviolet region, a fact which bacteriologists have attempted 
to utilize for the sterilization of water and milk, a difficulty is created, 
howe\er, by the deficient power of ultraviolet light to penetrate 
liquids, which necessitates the exposure of only thin layers to the toxic 
rays. 

The regujii of the spectrum which is most efficient in causing helio- 
tropic movements or curvature varies in different spec*ies of animals 
aiicl plants. Among the plants the rays of the blue end of the spectrum 
are usually the most efficient. Thus, Blaauw has determined the dura- 
tion of exposure to light derived from various parts of the carbon arc 
which is necessary to induce heliotropic curvature in the seedlings of 
A vena. The following are his results. 


:ion of illummdtion 

Position of the rays in 

in seconds 

the spectrum 

6300 

534 p 

1200 

. 510 “ 

120 

499 “ 

15 

. 491 “ 

5 

. 487 “ 

4 

478 “ 

3 


. 4 

466 « 

6 

448 « 
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The maximum effect is therefore obtained between 478m and 466m, 
that is, in the blue region of the spectrum. Among animal forms 
Ix)eb and Wasteneys have found that Eudendrium and Arenicola are 
similarly affected chiefly by the blue rays, while other animals, for 
example the crustaceans and insects, are primarily affected by the rays 
lying on the border of the green and yellow. Even closely allied forms 
may, however, differ very decidedly in the part of the spectrum which 
is most efficient in eliciting heliotropic curvature- Thus, Loeb and 
Wasteneys have observed that the green flagellate Ettglena viridia 
is most affected by the blue rays lying between X == 470 and 480 m, 
while the closely allied flagellate Chalmydomonas 2 yisiforviift is especially 
sensitive to the yellow-green rays in the neighborhood of X — 634 m- 

That the foundation of these light effects resides in a Photochemical 
Reaction which is induced within the organism is shown by the applica- 
bility of the Bimsen-Boscoe Law, which is generally characteristic of 
photochemical reactions and applies, for example, to the hlac»kcning of 
a sensitized photographic plate by exposure to light. This may be 
enunciated as follows* The chemical effect induced by light is pro- 
portional to the product of the intensity multiplied by the duration 
of illumination, or in symbols : 

E = Kit 

where E is the extent of photochemical transformation, i the intensity 
of the light, and t the duration of the illumination and K a i)roi>or- 
tionality-factor which is constant for the particular photochemical 
transformation under consideration. 

The validity of the Bunsen-Roscoe law in the hehotroj)isin of organ- 
isms has been established in a variety of investigations. Thus, Blaauw 
has determined the time required to produce heliotrojjic curvature in 
the seedlings of Avena sativa by varying intensities of illumination 
with the following results: 


Candle'meters 

r>uration of 


illumination 

X boi'oiidti 

0 00017 

43 hours 

2(*> 

3 
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13 
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6 
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« 
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8 
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It will be seen that the product of the intensity into the duration of 
the illiunination approaches the constant value of 20, and, indeed, 
when one considers the very great range of intensities employed and 
the inherent variabDity of living material, the degree of constancy 
observed is really astonishing. A remarkable instance of the applica- 
bility of this law to the Heliotropism of animals is afforded by the 
experiments of Loeb and Wasteneys upon the polyps of Eudendrvum. 


Times of exposure in minutes 

Ratio of percentage of hydranths bending 
toward hgnt 

25 cm 

37 5 cm 

50 cm 

25 cm ; 37 5 cm 

j 25 cm , 50 cm 

37 5 cm , 50 cm 

15 


1 60 


1 50 


20 


80 

• • • » 

1 30 


10 

22 5 

i 40 

1.20 

(3 08) 

(2.56) 

10 

22 5 

I 40 

0 94 

1.47 

1.55 

10 

22 5 

40 

1 57 

(2 30) 

(2.43) 

10 

22 5 

40 

1 43 

1 04 

0.94 

10 

22 5 

1 40 

0 76 

1 09 

1.47 

10 ; 

22 5 

i 40 

1 05 

1 13 

0 90 






0 96 

10 

22 5 

40 

1 15 

1 

1 

0 99 

7 

15.75 

! 28 

0 84 

0 62 

0.74 

7 1 

15 75 

28 

1 70 

0 49 

0 58 

7 j 

15 76 1 

28 

0 85 j 

1 25 

1.35 

7 1 

15 75 1 

28 

(2 09) 

0 99 

1 OS 

7 

15 75 1 

28 

1 14 

1 15 

0 55 

7 ; 

16 76 

28 

0 44 ! 

0 92 

0 44 

7 

15 75 ' 

28 

1 52 

0 80 

0 61 

7 

15 75 

28 

0 59 

' 0 36 

; 0 70 

7 

15 75 

28 

0 48 

I 1 07 

1 0 31 

7 

15 75 

28 , 

1 00 

0 48 

1 1 80 

7 

15 75 

28 1 

0 69 

1.09 

1 0 81 

7 

15 75 

28 

1 26 

0 85 

1 1 09 

7 

15 7o 

2S 

0 86 

1 38 

' 0 85 

7 

15 75 

28 1 

0 70 

1 07 

1 59 

7 

15 75 

2S 


0 77 

1 25 

7 

15 7 j 

28 


0 60 


Average* 


1 

1 01 

0 97 

0 98 

Pro liable eiror* . 


±0 05 

^0 04 

*0 06 

— 

— _ 

— 





* The a\eiages ami pr«>bable eirow given are tho&e recalculated the authors 
since the oiiginal aiticle was publibhecl 


These hydranths are exceedingly variable in their response to light and 
it was accordingly necessary to make a great number of measurements 
and treat the results statistically. The polyps were exposed to three 
different intensities of light, a light of definite strength being stationed 
at three different distances, namely, 25 cm., 37.5 cm. and 50 cm, from 
the organisms and they were exposed to the light for such periods as 
to render the product i X t a constant- Under these circumstances 
it was found that some among any group of polyps underwent helio- 
tropic curvature while others did not. The percentage of bent polyps 
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was determined in each case, and if tlie Bunsen-Roscoc law were valid 
it is evident that these percentages should be the same for all three 
intensities of light, i. e., the percentages imdergoing bending at the 
distances 25, 37.6 and 50 cm, from the light should be the same or 
1:1:1. The actual ratios were determined for each of the possible 
pairs of distances and they differed more or less from the ideal value 
of unity, but the average of a large number of these ratios differed from 
unity only by an amount commensurable with the probable error of 
the average. The table above shows their results, the values enclosed 
in brackets being rejected by Chauvenet’s criterion for the rejection 
of extreme variates.^ 

It is a general law of Photochemical Action that only those rays are 
effective which are absorbed by the system in which the reaction 
occurs. Visible light-rays are not, as a general rule, selectively ab- 
sorbed by protoplasm and hence their action is usually confined to or 
exerted reflexly through specialized pigmented areas which constitute 
the receptive elements of optical sense-organs. White light, which is 
not toxic for the majority of tissues may be rendered toxic, as L. Loeb 
has shown, by impregnating the tissue with certain dyes, particularly 
Eosin, which in such cases acts as the photochemical absorbent or 
sensitizer. Ultraviolet light, however, is universally toxic even for 
colorless organisms, and since this toxicity presumably depends 
upon and is attributable to photochemical reactions, the question 
presents itself: To which constituent of the protoplasm are we to 
attribute the selective absorption of these rays which we may presume 
to be the necessary precedent to their photochemical activity? 

It was pointed out over forty years ago by Soret that the majority 
of proteins exhibit a well-marked absorption-band in the ultraviolet 
part of the spectrum. In seeking for the origin of this absorption- 
band Soret found that it is especially well exhibited by solutions of 
Tyrosine and therefore referred it to the tyrosine radical iii the protein 
molecule. These observations have been extended by Kober, who has 
carried out a spectrographic examination of solutions of the various 
Amino-acids which are the end-results of protein hydrolysis and of 
certain Polypeptides. Kober has confirmed the existence of an absorp- 
tion-band in the ultraviolet in solutions of tyrosine, and finds that a 
similar band is exhibited by solutions of Phenylalamne. The other 
amino-acid constituents of the protein molecule exhibit only general, 
i. e., non-selective absorption in the ultraviolet spectrum. 

The possibility is thus indicated that the tyrosine and phenylalanine 
radicals of the proteins constitute the optical sensitizers which render 
living cells susceptible to the toxic action of ultraviolet light. If this 
were the case, then passage of light through solutions of proteins or 
the aromatic amino-acids should, by absorption of the toxic rays, to a 
greater or less extent, deprive the light of its toxicity for protoplasm 

^ W. Chauvenet* A Manual of Sphenoal and Praotioal Astronomy, Philadel 
1891, vol. 2, p 558. 
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Hus possibility has been investigated by Harris and Hoyt, who have 
found that the passage of ultraviolet light through protein or peptone 
solutions partially detoxicates it, while passage through solutions of 
Qystine, Tjrxosme or Amino-benzoie Add has a remar^ble effect in 
shielding the organisms from injmy. Other dissolved substances such 
as sugar, urea, alanine, glycocoU, etc., were found to be devoid of pro- 
tective power. Lendne imdergoes decompoation when exposed to 
ultraviolet light and it exerts a certain measure of protection. The 
following are illustrative results, the light from a Cooper-Hewitt ultra- 
violet lamp being passed through the solution contained in a quartz 
beaker before reaching the organisms {Paramecia) suspended in dis- 
tilled water below the beaker: 

Average extermination 

Solution period, seconds. 


Water . ... ... 130 

1 0 per cent alanine . 130 

1 0 per cent glycocoU 130 

1 0 per cent aspartic acid 130 

1 0 per cent glutamic acid 135 

1 0 per cent leucine 250 

0 5 per cent tyrosine 420 

1 0 per cent amino-benzoic acid . 2400 

0 5 per cent NaOH . 150 

1 0 per cent NaOH 170 

1 0 per cent glutamic acid m 1 per cent NaOH . 200 

1 0 per cent cystme m 0 5 per cent NaOH 1200 

1 0 per cent tjTrosme m 0 2 per cent NaOH Unaffected after 40 

mmutes* exposure 


The absorption of ultraviolet rays by tyrosine has been found by 
Kober to be markedly increased by an alkaline reaction and, as the 
above results show, the detoxication of the ultraviolet light by tyrosine 
solutions is also very greatly increased by an alkaline reaction. 

The results of Harris and Hoyt are thus in harmony with the view 
that the susceptibility of protoplasm to ultraviolet light is conditioned 
by the selective absorption and consequent ‘‘ activation” of the toxic 
rays by the aromatic amino-acid radicals of the proteins. These 
results have a practical as well as a theoretical bearing, for they imply 
that fluids containing proteins would be much more difficult to sterilize 
wdth ultraviolet light than water, owing to the protective action of 
the proteins in the fluid through wliich the light has to pass before 
it impinges upon the protoplasm of the infecting organisms 


THE STORAGE OF POTENTIAL ENERGY: THE PHOTO- 
SYNTHESIS OF CARBOHYDRATES. 

The leaves and other chlorophyll-containing organs of green plants 
absorb Carbon Dioxide from the atmosphere and simultaneously liberate 
an equal volume of oxygen. The carbon which is thus retained is 
built up into the tissues or reserve-materials of the plant, appearing 
chiefly in the form of Carbohydrates, which accumulate very rapidly 
during active assimilation. 
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The process of carbon dioxide assimilation by green plants takes 
place only in the light and in the presence of Chlorophyll or related 
pigments. Within certain limits the rate of absorption is proportionate 
to the intensity of the illumination of the leaf and to the percentage 
of carbon dioxide in the atmosphere. Not all parts of the spectrum 
are equally eflB.cient in promoting this process, the red rays between B 
and C causing the most rapid assimilation while the activity of the rays 
between D and E on the IVaunhofer scale is a minimum, and there is a 
second maximum in the violet beyond- F. This was first shown in a 
most ingenious manner by Engelmann. The Aerobic Bacteria require 
the presence of free oxygen to display motility. If some green algae 
and aerobic bacteria be imprisoned together under an air-tight cover- 
glass and kept in the dark, the free oxygen is soon consumed and the 
bacteria become motionless. If the cell is now exposed to light the 
algse decompose carbon dioxide, setting free oxygen, and the bacteria 
become motile again. Exposure of the cell in different parts of the 
spectrum yielded the above-quoted results. 

The assimilation of carbon dioxide by green plants is the foundation 
of the existence not only of the plants themselves but of the animal 
world. The radiant energy of the sun which is in this manner stored 
up in the tissues of the green plants, reappears at the other extremity 
of the life-process as the heat or muscular energy and mechanical work 
of an animal. A very striking peculiarity of living material also 
originates in this process, for while the components of protoplasm are, 
as a rule, optically active, i. c., rotate the plane of polarized light to the 
right or left, the products of laboratory-syntheses and those substances 
in nature which have never passed through the life-cycle (and some of 
those which have done so) are optically inactive. It is true that we 
can decompose a racemic and optically inactive mixture into optically 
active parts by utilizing the selective enzymatic activities of Teasts, 
or, as Pasteur did, we may sort out large crystals by hand into two 
kinds possessing equal and opposite rotatory powers, but it will be 
observed that all of these processes involve the intrusion of a living 
agent. According to the view of Byk, optical activity originated in 
the earth through the circular polarization of light which occurs when 
light is reflected from the surface of the sea. If, on the other hand, wc 
revert to Arrhenius" theory of the origin of life upon the earth, we may 
suppose that optical activity was transmitted to this planet by Bacterial 
Spores floating in interstellar space. However this may be, the 
phenomenon of optical activity is at present a distinguishing charac- 
teristic of the components of living matter, and it originates in the very 
first step in the life-cycle, for the carbohydrates which result from the 
photosynthetic activities of plants are optically asymmetrical. 

Notwithstanding the fact that the immediate connection between 
the assimilation of carbon dioxide by green plants and the appearance 
of carbohydrates has long been understood, the intermediate products 
which are formed in the process; the various stages which link the 
absorption of carbon dioxide to the appearance of star<^ or sugars in 
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the tissues, have long been sought for in vain. The classical theory, 
proposed by Baeyer in 1870, is that the carbon dioxide is first reduced 
to Formaldehyde 

CO* + HtO HCHO + O* 

and that the formaldehyde which is thus formed is subsequently con- 
densed to a hexose: 

6HCHO = CaHttOa 

If this view is correct then we should expect to find formaldehyde 
among the constituents of the green plants when engaged in active 
assimilation. Very many attempts have been made to establish the 
presence of formaldehyde in the tissues of plants and they cannot yet 
be said to have yielded any very definite information. Several excep- 
tional dMSculties attach to this investigation. In the first place it is 
certain that if formaldehyde occurs in green leaves at all it is never 
present except in very minute amounts. Indeed it is essential that this 
should be so, because formaldehyde is a very powerful protoplasmic 
poison and the accumulation of any amoimt in excess of a minute trace 
would result in the complete arrest of protoplasmic activities. Thus 
Elodea canadensis is cited as a form which is exceedingly resistant to 
the toxic action of formaldehyde, yet it will only withstand a 0.001 
per cent solution. 

We must expect to find formaldehyde in vegetable tissues, if it 
occurs therein at all, therefore, only in minute traces. Now although 
we possess very sensitive reagents for aldehydes, yet these do not, as 
a general rule, exclude the possibility of much more complex aldehydes 
than formaldehyde being present and yielding the reaction. Even 
Proteins and many other tissue-constituents will j^ield reactions indica- 
tive of an aldehyde-grouping. This would not perhaps constitute an 
insurmountable difficulty if it were not for the fact, as we have seen, 
that the aldehyde we are seeking to identify is at the most only present 
in minute traces. 

Another W’ay of attacking the problem might appear to be feasible, 
namely, that of extracting Chlorophyll from green plants and utilizing 
its light-activating properties to bring about the synthesis of for- 
maldehyde in laboratory-glassware, apart from the complications and 
secondary' reactions which attend the process in living tissues Numer- 
ous attempts to accomplish this have failed. According to Usher ami 
Priestley', however, the source of failure has resided in the employmient 
of comparatively' thick lay'ers of the chlorophy'll solution. If we blow 
carbon dioxide through a test-tube or flask filled with chlorophyll and 
exposed to light, w'e cannot expect to observe much photosynthesis, 
because the most superficial layers of the chlorophy'll solution will 
absorb all of the active light-rays and transmit to the underlying 
solution only those which are chemically inactive. In the living plant 
the chlorophyll is disposed quite differently. Here we observe that 
pigment is confined to exceedingly thin layers at the surfaces of a series 
of bodies known as the Chloroplasts in which active photosynthesis 
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can be shown to be proceeding during illumination. Usher and 
Priestley have sought to imitate this architecture of the photosynthetic 
apparatus by painting the surfaces of plates of gelatin with a thin 
layer of chlorophyll and then blowing carbon dioxide over them and 
exposing them to light. Under these conditions they state that a 
comparatively rapid disengagement of oxygen occurs, the surface film 
becoming wrinkled and distorted by the accumulation of bubbles of 
oxygen below it, while very evident quantities of formaldehyde are 
found in the underlying gelatin. The accumulation of formaldehyde 
in this case, as contrasted with its evanescence in the tissues of plants, 
they refer to the absence of the enzymes necessary to accomplish the 
removal of the formaldehyde by condensation, which, in the plants, are 
present in the underlying substance of the chloroplasts. Against this 
experiment it has been urged by several investigators that the presence 
of formaldehyde in gelatin jellies is very difficult to establish, since 
most samples of gelatin themselves yield a very pronounced aldehyde- 
reaction. Usher and Priestley, however, state that the gelatin which 
they employed was free from ^dehydes. 

On the other hand, the synthesis of formaldehyde and other products 
from carbon dioxide and water has frequently been accomplished with- 
out the intermediation of chlorophyll by the use of the silent electric 
discharge, and by exposure to Ultraviolet laght. According to Moore 
and Webster a saturated aqueous solution of CO2, on exposure to ultra- 
violet light, does not yield any formaldehyde, but in the presence of 
certain inorganic substances in solution, such as Colloidal Ferric Hydrate, 
Beryllium Chloride and salts of Uranium small quantities of formaldehyde 
are produced. They inferred that these metal salts act as accessory 
catalysers, accelerating the transformation of CO2 and H2O into formal- 
dehyde, with the evolution of oxygen. Baly and Heilbron, however, 
have shown that if the mixture be agitated, during its exposure to 
ultraviolet light, by the passage of a stream of bubbles of CO2, very 
distinct traces of formaldehyde can be detected after a few hours. 
They interpret this fact as follows: The reaction which lea<ls to tlic 
formation of formaldehyde must, of necessity, also give rise to oxygen, 
and the question arises as to what happens to the oxygen. It is known 
that oxygenated water in ultraviolet light forms hydrogen peroxide, and 
therefore the formaldehyde will be very liable to be oxidized to Formic 
Acid, and, in fact, formic acid has frequently been detected in solutions 
of CO2 which have been exposed to ultraviolet light. The stream of CO2 
washes out the oxygen as it is formed, and any H2O2 which may also 
chance to appear is distributed throughout the solution by the agitation 
and therefore its local concentration at the point of formation is 
decreased. 

A second reason for the favorable effect of agitation is found in the 
fact that ultraviolet light polymerizes formaldehyde to reducing sugars 
in accordance with the equation: 


6HCHO = CeHiaOe 
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If the solution is not agitated, therefore, the formaldehyde which 
escapes oxidation is pohTnerized as fast as it is formed and therefore 
its presence cannot be detected- Agitation of the solution carries part 
of the aldehyde to the back of the vessel, where the actinic intensity of 
the light is less and the polymerization is slower. Some formaldehyde 
will then be capable of detection in the solution. 

It has been found by Baly and Heilbron that the polymerization of 
the aldehyde is brought about by ultraviolet light of relatively long 
wave-length while its sjTithesis from CO2 and H2O requires short wave- 
length ultraviolet light. If a substance could be added to the solution 
during exposure which absorbs the long wave-length rays while letting 
the short wave-length rays pass through, it is evident that the synthesis 
of formaldehyde vrould go forward uninterruptedly while the subse- 
quent polymerization would be retarded, so tl^t formaldehyde would 
be enabled to accumulate. This they have accomplished by adding 
to the solution of CO2 small quantities of paraldehyde or sodium phen- 
oxide, both of which absorb long wave-length ultraviolet light and 
therefore protect the formaldehyde from pol;>Tnerization, they have 
furthermore shown that the accessory^ catalysers of Moore and Webster 
play the same r 61 e; they do not accelerate the formation of formalde- 
hyde, but protect it from pol>Tnerization when formed. 

It remains to be ascertained what part is played by the Chlorophyll 
in the photosynthetic process as it occurs in the green plants. In this 
connection Baly and Heilbron have put forward an important sugges- 
tion. They point out that sunlight contains exceedingly little ultra- 
violet light, so that the synthesis of formaldehyde and reducing sugars 
through the agency of sunlight w’ould be exceedingly inefficient unless 
some means were provided of rendering \dsible light effective for the 
purpose. They suggest that chlorophyll furnishes the necessary 
agency for rendering visible light effective and they interpret the role 
of chloroplijdl in terms of the Baly theory of photocatalysis. They 
point out that the energ\'-content of formaldehyde is greater than 
that of the CO2 and H2O which imite to form it, while the energ\- 
content of the sugars which arise from the polymerization of formalde- 
hyde is likewise greater than that of formaldehyde it^eIf. In other 
w'ords both reactions are endothermal. They suggest that the light 
energy which is absorbed by chlorophyll is radiated again as heat- 
energy, in other words, in the form of infrared radiations Xow' the 
infrared wave-lengths which are radiated by a compound are similar 
to the wave-lengths which are radiated (and consequently' capable of 
absorption) by its components. Thus if a coloring-matter which is 
capable of chemical combination with CO2 and HoO is added to a solu- 
tion of CO2 the infrared radiation emitted by the colored component 
may be absorbed by the H2CO3, thus furnishing it with the energy 
necessary for the formation of formaldehy^de. They have imitated 
these hypothetical conditions by adding Malachite Green to a solution 
of CO2 in water. This dyestuff, being a base, combines with H2CO3 to 
form a salt. On exposure of this solution to sunlight it yields, as 
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hypothesis indicates that it should, a considerable amount of formal- 
dehyde. 

Chlorophyll, as it 00010*3 in green plants, is always associated witli 
Tvra gn ftgiiim , which forms an integral part of the molecule, being united, 
as Willstatter has shown, to two nitrogen atoms in the molecule. It 
has also been shown by Willstatter that chlorophyll, in non-aqueous 
solvents, does not combine with dry CO2, but that in colloidal aqueous 
solution it is able to combine with carbonic acid in such a manner as to 
remove the magnesium from the chlorophyll as magnesium carbonate. 
He has observed, however, in these reactions, especially when dealing 
mth the leaf, the formation of an intermediate addition-compound 
from which the carbonic acid can again be dissociated without removing 
magnesium from the chlorophyll molecule.^ The necessary condition, 
that of chemical union, for the transfer of infrared radiations from the 
molecule of photosensitizer to the molecules of the reacting substances, 
is therefore fulfilled in this case. The subsequent polymerization of 
the formaldehyde into reducing sugars is believed by Baly and Heilbron 
to be photocatalyzed by chlorophyll in a similar fashion. They urge, 
in fact, that the chlorophyll-carbonic acid complex cannot stop absorb- 
ing energy when the first or formaldehyde stage of photosynthesis is 
completed, for in sunlight the absorption of energy by the complex is 
necessarily continuous. The final stage is therefore the deoxidation 
of the formaldehyde-peroxide and the splitting oft‘ of the formaldehyde 
in an activated form (i. e., containing absorbed energy), which instantly 
polymerizes to form a sugar. The successive stages may be represented 
in the following fashion: 
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^ Probably the condition which determines whether or not magnesium is split off 
together with carbonic acid is the Ph of the medium in which the reaction occurs. 
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In regard to the nature of the earliest carbohydrate to arise in 
photosynthesis the most natural supposition would appear to be the 
formation of Glucose: 

6HCHO * CeHisOe 


or some other hexose, since this synthesis has actually been performed 
in the laboratory- As a matter of fact, however, there is much evi- 
dence tending to show that the first carbohydrate to be produced in 
photosynthesis is actually Cane-sugar (sucrose). This view, which 
was first put forward by Brown and Morris, has received very strong 
support from the investigations of Parkin. This observer employed 
for his experiments the leaves of the snowdrop, Galanthus nivalis, 
which are peculiar in that they do not form Starch during photosyn- 
thesis, so that the analyses of sugar-content are not complicated by 
the possible presence of sugars. Maltose or Glucose, derived from the 
hydrolysis of starch. As a matter of fact it was found by Parkin 
that the leaves of the snowdrop contain only three carbohydrates, 
namely, Sucrose, Fructose (levulose) and Glucose. Of these the per- 
centages of hexose remain very constant throughout any given twenty- 
four hours, not increasing during the illumination of the day, nor 
decreasing during the night, while the percentage of sucrose rapidly 
increases during the day and decreases decidedly at night. Moreover, 
the proportion of sucrose to the other sugars is greatest at the apical 
portions of leaves where assimilation is most active, and decreases 
toward the base. Tv^o interpretations of this result, however, may 
be advanced. The cane-sugar may be in truth the first sugar to be 
synthesized, but, on the other hand, it is not improbable that the first 
sugar to be synthesized is actually Levulose. It will be recollected that 
the levulose T\hich enters into the formation of cane sugar is of the 
highly-reactive ethylene-oxide t\T)e: 
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The ethylene-oxide sugars are unstable and readily pass over into the 
stable butylene-oxide sugars. Cane-sugar might thus be formed by 
the union of one molecule of butylene-oxide glucose arising from the 
internal rearrangement of ethylene-oxide fructose with one molecule of 
freshly s^mthesized and unmodified fructose. The constancy of the 
hexose-percentage obser\'ed by Parkin may merely mean that hexose 
in excess of this amount is condensed to cane-sugar as rapidly as it is 
formed. The intervention of an ewsyme must be necessary to accom- 
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plish this synthesis, however, since no laboratory-method of deriving 
cane-sugar from formaldehyde has yet been discovered. 

The photosynthesis of nitrogenous compounds has also been accom- 
plished by Baudisch. He has found that, in aqueous solution, potas- 
sium nitrite and methyl alcohol combine to form Formhydroxamic Acid 
under the influence of ultraviolet light: 

CHaOH + KNOa OH.CH : NOK + HaO 

This experiment has been repeated by Heilbron, who has also shown 
that formaldehyde will unite with potassium nitrite or nitrate when 
exposed to ultraviolet light, to yield formhydroxamic acid- Since 
plants absorb nitrogen from the soil chiefly in tlae form of Nitrates, 
these observations point to the participation of chlorophyll in the syn- 
thesis of nitrogenous substances in the green plants, pari t^ossu with 
the synthesis of carbohydrates. 

THE CONVERSION OF CHEMICAL INTO MECHANICAL ENERGY: 

THE CHEMICAL MECHANICS OF MUSCULAR CONTRACTION. 

We have seen that upon a normal mixed diet the necessary energy 
for the performance of muscular work is derived from the oxidation of 
Carbohydrates and that the final products of this oxidation are carbon 
dioxide and water, an intermediate stage of the combustion being the 
formation of Lactic Acid. So much we can ascertain by methods of 
direct analysis. If we desire, however, to complete the story of the 
energy-cycle which begins with photosynthesis in the plant, and cul- 
minates in the release of heat and mechanical work by the animal, 
purely analytical methods will not suffice and we are impelled to seek 
additional information by the method of inference from indirect 
observation. 

Our object is to ascertain the nature of the chemical machine whi(*h 
transforms the potential energy of carbohydrates into muscular work 
and heat. This problem divides itself into two parts, namely, the 
question of the nature of the process of combustion ancl the question 
of the means of transforming the energy which combustion releases 
into mechanical work. 

In respect to the first of these questions, it has long been a familiar 
fact that when a muscle is repeatedly stimulated, either directly or 
indirectly, through its motor-nerve, the first few contractions gradually 
and with considerable regularity increase in height until they rea<*h a 
maximum for a given strength of stimulus. This phenomenon, to 
which the name of ^^treppe,’^ or the “Staircase Phenomenon” was given 
by Bowditch, has been the subject of considerable investigation and 
conjecture. Of a similar nature is the phenomenon of “Summation of 
Stimuli,” whereby a stimulus of strength insufficient to give rise to a 
response when it is first applied, may be made, by repetition, to elicit 
a response. 
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It is to Waller that we owe the suggestion that the "staircase” is, 
in reality, due to the increased production of carbon dioxide by the 
contractile or conducting tissue. He observed that small amounts of 
carbon dioxide augment the electrical response of nerve-fibens to 
stimulation and that a short tetanization of the nerve produced a pre- 
cisely similar augmentation. Lee has extended this idea to muscular 
tissues and he has pointed out that the action of the products of 
muscular activity upon the performance of muscular work is twofold, 
producing, in moderate quantities or for a short time, a marked increase 
in the irritability and working-power of the muscle, while in larger 
quantities or after a longer period of action they produce a marked 
depression or "Fatigue” of the muscle, ending by totally preventing the 
further release of muscular energy. The nature of the products which 
bring about these results has been established by Lee, who has found 
that perfusion of a muscle with a dilute solution of Lactic Acid or an 
acid phosphate increases its irritability and power to do work, while 
more concentrated solutions of the same substances diminish and 
finally abolish its irritability and contractility. Both of these sub- 
stances are known, by direct estimation, to accumulate in a muscle 
which is doing work. 

If we consider a muscle w’hich is being tetanized by rapidly repeated 
stimuli, it is evident that the rate at which the muscle is doing work 
may be regarded as an expression of the rate at which the underlying 
chemical changes are taking place. During the initial or rising part of 
the cur\^e of tetanus, which is nearly always to be observed, the velocity 
of the underlying chemical changes must be increasing. During the 
period of maximal contraction, while the recording-lever remains at a 
constant level, it is e\ddent that the rate of doing w’ork and therefore 
the velocity of the underlying chemical change are practically constant, 
during the third, or descending part of the curve, the velocity of the 
chemical changes is evidently decreasing ^'imilar considerations 
apply, of course, when the muscle, instead of being stimulated at 
extremely small intervals, is being stimulated at longer inter\als. 

The chemical changes which underlie and determine muscular con- 
traction are of such a character, therefore, that one or more of the 
products which result, first accelerate and later retard the process. We 
are familiar with many chemical reactions of this type, they are reactions 
in w'hich one of the products acts as a catalyzer to the process and are 
therefore designated AutocataJyzed Reactions Thus in the hydrolj’sis 
of Cane-sugar by neutral boiling water small quantities of mucic acid 
are developed w'hich greatly accelerate the inversion. The hydrol^'sis 
of Methyl Acetate by water results in the HberStion of acetic acid w^hich 
very greatly accelerates the hydrolysis. The hydroh sis of the Bicino- 
leic Acid in pulverized castor-oil beans proceeds at first very slowdy, 
and then with great rapidity, the acid which is first liberated enhancing 
the activity of the lipase in the macerated tissues. Instances of auto- 
catalytic oxidations are afforded by the spontaneous oxidation of many 
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Metals and organic compounds in the presence of oxygen at atmos- 
pheric temperature and pressing. It has long been observed that in 
the spontaneous oxidation of these substances they acquire the power 
of inducing oxidations in other substances which are not spontaneously 
oxidizable, and it has been shown that this action is due to the forma- 
tion of peroxides which catalyze oxidations, including the oxidation of 
the spontaneously oxidizable material itself. In the case of metals the 
process is ultimately brought to a close by the thickness of the covering 
of oxide which excludes the air. To preserve metals from spontaneous 
oxidation, therefore, one of two methods should be adopted: Either 
they should constantly be kept clean and polished to avoid the accumu- 
lation of catalyzers, or they should be allowed to become so com- 
pletely tarnished that air can no longer penetrate to the underlying 
metal. The intermediate policy of sporadic infrequent polishing leads 
to majdmal loss of the metal by oxidation. 

Very many instances of autocatalysis are afforded by the spontaneous 
oxidation of fats and oils, and particularly by the oxidation of the 
“Drying Oils" which are employed in paints and varnishes. 

It is a general characteristic of the processes of Autocatalysis that they 
begin relatively slowly, progressively increase in velocity to a maximum, 
and then fall off in velocitj’’ again until the reaction finally ceases. 
The cessation of the reaction may be due to the exhaustion of the 
Substrate or material undergoing transformation, as for example in the 
hydrolysis of cane-sugar, or it may be due to the back-pressure of the 
accumulated products, as in the case of the hydrolysis of inetliyl 
acetate. In general the autocatalyzers, like other catalysts, accelerate 
the attainment of equilibrium from either direction. 

The tmderlying combustion which releases the heat and mechanical 
energy of muscular contraction is therefore an example of a large class 
of chemical transformations which produce their own catalyzers. Of 
the various stages of the process only a few are known, but among the 
known products lactic acid and carbon dioxide are capable of identifica- 
tion as direct or indirect catalyzers of the combustion. 

Our knowledge of the second phase of the problem which is presented 
by the genesis of muscular work and heat is still more fragmentary and 
much more conjectural. No machines of the ordinary type witli the 
details of which we are familiar, such as those which operate by gaseous 
or liquid pressures and mechanical thrusts, will even approximate in 
characteristics and behavior to the motile mechanisms of living proto- 
plasm. The low and only very slightly fluctuating heat of combustion 
precludes any explanation attributable to alternate expansions and 
contractions due to heating and cooling. Engelmann, indeed, has 
proposed such an explanation, based upon the supposition that intense 
beating of minute particles in the muscle-substance may occur in a 
number of crreiunscribed foci. He has pointed out that a number of 
Doubly Befractmg Substances, such as catgut or Indiar-rubber, have the 
unusual property of contracting when they are heated, and he assumes 
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that the heat-energy of combustion in muscular tissue is directly trans- 
formed into mechanical work by transient intense heating of localized 
doubly refracting elements. Many objections have been urged against 
this hypothesis and they appear in our present state of knowledge to 
be insurmountable. The objection, for instance, that living matter is 
destroyed at the height of temperature required was met by Engelmann 
by supposing that the elements so heated only form a very small pro- 
portion of the whole contractile tissue. If this be so, then they cannot 
be the doubly refractile elements which we i>erceive under the micro- 
scope, for these form a very large proportion of the whole. The foun- 
dation of Engelmann’s analogy between muscular tissue and catgut 
or caoutchouc therefore falls to the ground. Furthermore even the 
small proportion of the structural elements of muscular tissue which 
Engelmann assumes to be subjected to heating, having been destroyed 
thereby, would have to be decomposed and the piquets excreted. 
Muscidar work should therefore consume muscle-tissue and the nitro- 
genous excretion should increase. This, however, on a normal mixed 
diet does not occur. Again, the intense local heating which Engel- 
mann assumes implies difficulty in the distribution and dissipation of 
the heat which results in musctdar combustion, yet the swift relaxation 
which succeeds normal muscular contraction implies just the reverse. 
A direct transformation of heat into work through the agency of 
expansion or contraction is therefore an improbable explanation of 
inuscidar contraction. 

Other observers have sought to attribute the phenomena of mus- 
cular contraction to the Swelling or shrinkage of semisolid elements 
through the imbibition or giving up of water, as a jelly absorbs water 
from or parts vdth. it to the surroimding medium. The known pro- 
cesses of this kind are, however, relatively slow and gradual in develop- 
ment, whereas muscular contraction and relaxation may in the muscles 
of the insect’s wing alternate no less frequently than 300 times per 
second. 

The only physical displacements which are capable at the same time 
of such rapid alternation, of the performance of so much mechanical 
work in a non-rigid system, and of transforming so large a propor- 
tion of energy into mechanical work as a Ihdng muscle, are the dis- 
placements which result from changes in Surface-tension. These are 
excessively rapid because the forces involved are of great magnitude 
and the frictional resistances which oppose them may be, under favor- 
able conditions, very small. The amount of energy stored up in a 
fluid surface is very great and the release of this energy- by chemical 
or resultant electrical changes affecting the tension of a large surface 
would sxiffice to permit the performance of a large quantity of me- 
chanical work. The maximal attainable Efficiency of a surface-tension 
engine, as Brunner and Wolf have shown, is fifty per cent, 2 . e., the 
heat absorbed in extending the surface of water is equivalent to one- 
half of the mechanical work done in producing the surface-tension. 

32 
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This is also the maximal eflSeiency which has ever been observed in the 
performance of muscular work. 

The earliest theory to regard a muscle as a surface-tension engine 
was that proposed by Imbert, who assumed that the individual Fibrils 
which collectively compose a muscle fiber are long thin cylinders 
which are maintained in a condition of elongation by passive stretching. 
Under the influence of increase of surface-tension at the surface of 
contact of these tubules and their fluid contents Imbert assumes that 
the tubules become more spherical and therefore shorter, the simul- 
taneous shortening and swelling of a munber of these elements leading 
to the contraction of the muscle. According to this hypothesis the 
work performed in muscular contraction is derived from changes in 
the surface energy of the fluid contained in the tubules. Bernstein, 
rather drastically assuming certain magnitudes for the tension and 
alterations thereof at the surfaces of these tubules, inferred that if the 
tubules consist of the visible muscle-fibrils then the surface afforded 
is not sudSicient to accoimt, on Imbert’s hypothesis, for the amoimt of 
work performed in contraction. If, however, we suppose that the 
fibrils are broken up into a number of separate elements, for example 
into rows of ellipsoids which become spherical when the tension of 
their surfaces increases, then the surface presented would be sufficient 
to account for the observed release of mechanical energy. Now recent 
investigations by Schafer, McDougall and others on the details of the 
microscopic structure of muscle, have revealed the presence in the 
fibril, not exactly of the structure imagined by Bernstein, but one that 
for the pmposes of Imbert’s hypothesis is precisely equivalent to it. 
Schafer describes the contractile elements of the muscle-fiber as fine 
columns or Sarcostjrles which are divided into segments or Sarcomeres by 
thin transverse discs known as Krause’s Membranes. Each sarcomere 
contains a relatively opaque portion, the Sarcous Element, while tliose 
portions adjacent to Krause’s membrane are relatively transparent 
and seem to consist of a fluid material. The sarcous element itself is 
double and, if stretched, the two portions separate at a line whic-li runs 
transversely ^ross the opaque portion of the sarcomere (Henson’s line). 
On contraction the sarcous elements become shorter and thicker, 
absorbing the fluid which constitutes the Hyaloplasm or intervening 
transparent area between the sarcous elements and Krause’s mem- 
brane. We may therefore pictmre the muscle-fibril as consisting of a 
series of discs^ formed by minute tubules packed together and com- 
municating with ^aces separating the discs and filled with fluid (Fig. 
29) . Evidently such a structure as this conforms to every requirement 
imposed by Bernstein upon Imbert’s hypothesis, and it is an exceedingly 
significant fact that the details of the structure which we have out- 

* According to O. W. Tiegs the muscle fiber is not actually a superimposed series of 
discs but a continuous fiat double spiral whicb 3^elds tbe appearance of "Virhen 

viewed m section. This conception, however, would not necessitate any essen tT a l modi- 
fication of the hypothesis of muscular contraction which is outhned above. 
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lined become clearer and more elaborate as we successively pass from 
the relatively sluggish and inert smooth muscles, or the striated mus- 
cles^ of amphibia, to the muscles of insects with their lightning-like 
rapidity of contraction and enormous power of performing work. This 
fact alone prevents us from entertaining any doubt that this elaborate 
structure is an essential part of the muscular mechanism, and the 
salient characteristic of this stracture is the enormous surface of 
contact which it brings about between the fluid and the semisolid 
elements of the tissue. We may therefore, with considerable confi- 
dence, infer that muscular tissue is a surfaee-tenMon engine which 
converts the energy released by the combustion of carbohydrates into 
beat and mechanical work. 



Fig 29 — 4i\o of coutraction pa&ssing o\ei a leg-uiu&cle filjei of watoi-hcetk* 

(After Schafer ) 

Several mechanisms are imaginable whereby the chemical changes 
which accompany muscular work might bring about alterations of 
surface tension at interfaces ^dthin the tissue. Tlie Heat of Combus- 
tion of carbohydrates must of itself contribute to affect the tension and 
the changes of Electrical Potential, which also accompany muscular 
contraction, would likewise, as is show'n by the analogy of Lipmann’s 
capillary electrometer, affect the tension of interfaces in the tissue. 
In this connection one fact should be very particularly noted, and that 
is that either of these factors, and whether they are determinative or 
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not they must contribute in some measure to the outcome, would lead, 
not to an intarease of superficial tension, as imagined by Imbert and 
Bernstein, but to a decrease. "We are therefore led to inq^uire whether, 
after all, the alteration in form of the sarcous elements in conteaction 
may not be due to a decrease rather than to an increase in interfa- 
ciai tension, for otherwise the thermal and electric^ changes which 
accompany muscular contraction must actually diminish and inhibit 
contraction and conflict with the main objective of the whole process. 

A mofliaTiistn whereby reduction of inteifacial tension might bring 
about the shortening of sarcous elements is depicted in the accom- 
panying figure (Fig. 30). If we suppose the sarcous element to consist 
of an elastic tube dipping into and filled by the fluid hyaloplasm, then 
the tension of this fluid, pulling upon the elastic tubule, will draw the 
walls inward and hence stretch them longitudinally. This condition of 


Krause's Membrane 



Krause's Membrane 


Fig. 30. — Schematic diagram of a mubcle-elemeiit 

balanced tensions, capillary and elastic, may be supposed to be the 
normal resting state of muscle. If, now by heat, an electrical potential, 
or other means, the inward pull upon the tubule is released, this will 
have just the same effect that internal pressure would have upon an 
initially unstretched elastic tube— it will expand and shorten, as a hose 
expands and shortens, when water under a head of pressure is suddenly 
injected into it. Thus the ends of the sarcous elements will approach 
and, the total capacity of each element being increased, fluid from the 
hyaloplasm will enter them. The sum of the effects of a multitude of 
such shortenings might constitute the contraction of a muscle-fibril. 

Recent observations by O. W. Tiegs indicate that the migration of 
hyaloplasm during contraction is not away from, but on the contrary, 
towards Krause’s Membrane, and that the bulging of the sarcous 
element occurs, therefore, in the neighborhood of this membrane 
which, he believes, conducts the stim^us through the muscle fiber. 
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Tlie above conception of muscular contraction, as the outcome of a 
disturbance of balance between opposed elastic and sin^ace tension 
forces, is obviously unaffected, however, by the position of the locality 
in the sarcous element at which this upset of equilibrium occurs. 

The conception of a motile mechanism as a surface-tension en^me 
may be readily extended to include ameboid and ciliaiy motion as 
well as the phenomenon of ProtoplaaiDic Stieaminff which is so frequently 
displayed in cells in which ameboid motion is constrained by viscosity 
or by rigid walls, as in many plant-cells. The genesis of movements 
analogous on the one hand to ameboid motion and on the other to 
protoplasmic streaming may be illustrated in a simple model as follows: 
If to a ten per cent solution of camphor in benzene a little dye, for 
example Sudan III or Scharlach R, be added, to render the outline of a 
drop visible against a colorless backgroimd, and small drops of this be 
placed upon tite surface of clean water in a watch-glass, very rapid and 
energetic movements of the edges of the drops may be observed, exactly 
similar in character to those presented by the smrface of Ameba. 
Even processes similar in form to Pseudopodia are thrown out and 
retracted. These movements are due to the changes in mterfacial 
tension caused by unequal diffusion of the camphor from the benzene 
into the water. They may be slowed by adding some viscous fluid, 
e. g., olive oil, to the l^nzene solution and finally, when about an equal 
volume of olive oil has been added, we no longer obtain ameboid 
movements, but, instead, we observe an incessant streaming movement 
of the fluid -within the drops, exactly resembling those seen within the 
protoplasm of a plant-cell such as Chara. If the streaming movements 
are not easily perceived owing to the transparency of the drop, the 
addition of a little finely powdered arrowroot starch will render them 
manifest, and impose a still more dose resemblance to the actual 
appearance of streaming movements in protoplasm. 
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CHAPTER XIX. 


PROCESSES INFERRED FROM INDIRECT OBSERVATION: 
FERTILIZATION AND EARLY DEVELOPMENT. 

THE STTBSTTrcmON OF CHEMICAL AGENCIES FOB NORMAL 

FERTILIZATION. 

In the vast majority of animal forms the stimulus of fertilization by 
a spermatozoon of the same or a very closely related species is essential 
for the development of the egg. The fact, however, that Partheno- 
gmesis, or development without fertilization, may occur under excep- 
tional circiunstances or in a limited number of forms, shows that the 
part played by the spermatozoon, in so far as it constitutes the stimulus 
to development, may be performed by other agents. The discovery 
of the exact nature of the agents capable of giving rise to development 
of the egg was essential to the understanding of the phenomenon of 
Fertilization, for the spermatozoon, besides Wording to the egg the 
initiatory impulse to development, also acts as a bearer of hereditary 
factors and is, moreover, itself a living and a motile organism, so that 
a great complexity of materials and factors gain entry into the egg with 
the introduction of the spermatozoon, and the disentanglement of 
these numerous variables was impossible until a clue to their nature 
had been obtained by means of experiments in which the single func- 
tion of fertilization was imitated by physicochemical means. 

The solution of this problem we owe to the investigations of J. Loeb, 
who followed up the observ^ation of T. H. Morgan and others that 
unfertilized eggs of various marine organisms may occasionally begin 
to segment without fertilization in sea-water, but that such eggs 
invariably die after a few divisions. In seeking to ascertain the 
origin of this abnormal phenomenon Loeb found that in the eggs 
of a sea-urchin, Arbacza, development could be induced by merely 
exposing them for a period to slightly Hypertonic Sea-water and then 
returning them to normal sea-water. The means employed to render 
the sea-water hypertonic was, within certain limits, immaterial. Thus 
the Osmotic Pressure might be raised by spontaneous evaporation, or 
by the addition of one part by volume of normal sodium chloride 
solution to nine parts by volume of sea-water, or yet again Cane-sugar 
or Urea or some other physiologically inert substance might be employed 
for this purpose and with like success. It was even found possible to 
cause development of the eggs by immersing them in a pure cane-sugar 
solution only slightly exceeding sea-water in its osmotic pressure. The 
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increase of osmotic pressure required is not great. If Sodium CSiloride 
be employed an increase of forty per cent in the osmotic pressure of the 
sea-water sufSces to initiatedevelopment after an exposure of two hours. 
If sugar or urea be employed even a slighter increase of osmotic pressure 
suffices to bring about a like effect, because these substances penetrate 
the egg with greater difficulty than the inorganic salts and hence exert a 
greater osmotic tension on the external surface of the egg. The 
requisite concentration of the medium varies, however, with Qie dura- 
tion of the exposure, a weaker concentration being effective after a 
longer e 3 q>osure. This is shown by the following experiment: To 50 cc 
portions of artificial sea-water (Van tHoS’s Solution), rendered favor- 
ably alkaline by the addition of 2 cc of tenth normal sodium hydroxide, 
were added 0, 2, 4, 8 and 16 cc of 2| normal potassium chloride solu- 
tion. Unfertilized eggs of a Pacific Ocean sea-urchin {Strongylocentrohis 
purpurtdua) were divided between these five solutions and samples 
removed after varying periods of exposure and placed in noimal sea- 
water. The following were the results obtained : 


Increase in the osmotic pressure of the medium 


la oi exposure, 
minuttt 

0 per cent 

16 per cent 

30 per cent 

55 per cent 

87 per cent 

45 . 

No larvie 

No larvsB 

No laxvfiB 

No larvse 

Numerous 

64 . . 

u 

tt 

tt 

Numerous 

larvfiB. 

89 . . . 

116 . 

114 . 

u 

u 

tt 

u 

tt 

tt 

Numerous 

larvss 

larvae 



The fertilization which resulted from this procedure failed, however, 
to furnish a perfectly faithful imitation of the phenomenon of natural 
fertilization. It is true that the eggs frequently developed into free- 
swimming larvae, but the larvae produced in this manner were sickly 
and abnormal and did not survive very long. The percentage of eggs 
which developed into larvae was variable and in some species, partic- 
ularly in the sea-urchin Stt ongylocentrotus fmnciscamis, few if any of 
the eggs could be induced to develop by this procedure. The larvae in 
all cases behaved abnormally; they did not rise to the top of the water 
and swim there as normal larvae do, but swam instead at the bottom of 
the vessel containing them, and finally the most marked peculiarity 
of all was the failure of the eggs to form a Fertilization-membrane. 

If the eggs of a mature female sea-urchin be removed from the 
ovaries by shaking them out in sea-water and are then mixed with 
sperm smilarly procured from the spermaries of a male, the sperma- 
tozoa will immediately be seen clustering around the eggs presenting 
the appearance of striving to enter them. Within a very brief period, 
under normal conditions, a spermatozoon will succeed in effecting an 
entry, and this event is at once indicated by the appearance upon the 
surface of the egg of a number of irregular, clear, blister-like protuber- 
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ances which rapidly increase in number and extent, finally covering 
the surface of the egg with a clear hyaline layer, which is designate 
the fertilization-membrane (Fig. 31). This was lacking in the artifi- 
cially fertilized egg. 

The imperfect character of the imitation of fertilization which was 
thus achieved led Loeb to form the supposition that the osmotic method 
of inducing fertilization only accomplished a part of the effects initiated 
by the spermatozoon, which he inferred carried into the egg agencies 
not only capable of starting the processes initiated by the hypertonic 
sea-water, but also processes which the osmotic method did not suflSce 
to initiate. This supposition was confirmed by the discovery of a 
series of agents capable of inducing Membraae-foimatlaii in the sea- 
urchin egg. 

It was found that if mature sea-urchins’ eggs were introduced for a few 
minutes into sea-water to which a small proportion of a certain sample 
of Ethyl Acetate had been added and then returned to normal sea-water. 



Tig. 31 — 1, unfertiliaed egg of the Sea-urchin (Strongyliicentrotus purpuratua) sur- 
rounded by spermatozoa, 2, the same egg about two minutes later, after the entrance 
of the spermatozoon and the formation of the fertilization-membrane (After Loeb ) 


all of the eggs promptly formed a fertilization-membrane differing in 
no perceptible degree from the membranes formed in normal fertili- 
zation. Other esters failed to yield any comparable result, and an 
examination of the ethyl acetate employed in the original experiment 
showed that it had undergone hydrolysis and contained free eth\l 
alcohol and acetic acid. This led to an investigation of the behavior 
of the eggs in sea-water containing added alcohols and acids and to the 
discovery that the effect originally obtained with impure ethyl acetate 
was due to the Acetic Acid which it contained. It was found that all 
of the monobasic fatty acids which are soluble in sea-water, namely, 
formic acid, acetic acid, propionic acid, butjTic acid, valerianic acid 
and so forth, will induce membrane-formation in 100 per cent of 
mature eggs if they are exposed for a brief period to the action of the 
sea-water containing the fatty acid. The formation of the membrane 
does not occur until after the restoration of the egg to normal sea- 
water. 
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The eggs which have been treated in this manner may undergo a few 
divisions, but they very rapidly die, more rapidly, in fact, than unfer- 
tilized eggs exposed to similar conditions of temperature, etc. The 
processes thus initiated, therefore, still afford an incomplete analogy 
to natural fertilization. It was found, however, that by a combination 
of these two processes, membrane-formation and osmotic treatment, 
which are separately incomplete, a perfect imitation of fertilization is 
procured and a high percentage of the eggs, usually 100 per cent, can 
be induced to develop and produce normal larvae. 

The precise details of time of exposure, concentration and so forth 
in Loeb’s improved method of Artificial Parthenogenesis, necessarily 
vary slightly with the temperature, reaction of the sea-water and 
species of Echinoderm employed- The following are, however, the 
details of the method as utilized for the fertilization of the Pacific 
sea-urchin, Strongylocentrotus purpuratus, at a temperature in the 
neighborhood of 15*^ C. The eggs, after extraction from the ovaries 
and rinsing in filtered^ sea-water, are immersed in a mixture of 50 cc 
of sea-water and 2.8 cc of tenth normal Butyric Acid solution, and the 
mixture is gently agitated to prevent the eggs, which become sticky, 
from adhering to the bottom of the vessel. After about two minutes 
the eggs are collected by gentle rotation of the shallow flat-bottomed 
vessel and transferred by means of a pipette to normal sea-water. If 
the exposure has been rightly chosen it will be found that the eggs 
almost immediately form membranes. After allowing them to remain 
for some fifteen to twenty minutes in the normal sea-water they are 
again collected in the manner described and transferred to Hypertonic 
Sea-water, prepared by adding 8 cc of 2^ molecular sodium chloride 
solution to 50 cc of sea-water. They are exposed to this solution for 
a period varying from fifteen to sixty minutes, the optimal exposure 
varying somewhat with the eggs from different females. The eggs are 
now returned to normal sea-water. Within about one hour the first 
cell-division will be observed to have occurred, at the end of forty- 
eight hours swimming gastrulse will have been produced, and about 
two days later plutei with well-developed skeletons. 

Artificial fertilization has been extended to a variety of forms other 
than the Echinoderms. In a number of Annelids development may 
be induced by preliminary treatment with a cytolytic agent followed 
by treatment with hypertonic sea-water. As a rule, however, in this 
group the fatty acids do not constitute sufficiently potent cytolytic 
agents, and saponins or, better still, mammalian blood serum, must be 
employed. Among the Molhisca simple treatment with hypertonic 
sea-water frequently suflSces, especially if it be rendered slightly hyper- 
alkaline, the alkali playing the part of the cytolytic or membrane- 
forming agent. In the eggs of frogs simple puncture with a fine needle 
suffices to induce parthenogenetic development, for what reason is not 

^ The sea-water must be filtered to remove spermatozoa which may possibly bo 
suspended in it. 
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at present clearly understood, although we may fairly infer that it 
arises from the incidental admixture of certain constituents of the eggs 
which are normally separated from one another. Artificial partheno- 
genesis has also been induced in the eggs of plants (Fuciis) by treating 
them with butyric acid, followed by hypertonic sea-water. 

The eggs of all forms which have b^n made to undergo develop- 
ment by artificial means yield normal embryos and their development 
differs in no wise from that of normally fertilized animals. The rearing 
of marine animals is an excessively laborious task, but Delage has had 
the courage to undertake it in liie case of artificially fertilized sea- 
urchins and succeeded in maintaining them until sexual maturity. 
In the case of the frog several specimens arising from artificially 
fertilized eggs have been brought to sexual maturity by Loeb and 
Bancroft (Fig. 32 ). 



Fio. 32 — A parthenogenetic frog. (After Loeb ) 


THE NATUBE OF THE AGENTS WHICH FORM FERTIUZATION- 

lOEMBRANES. 

The monobasic acids of the fatty series are all capable of pro<lucing, 
as we have seen, the formation of membranes in the sea-urchin egg, 
provided they are soluble in sea-water. Now this action might con- 
ceivably be due to the dissociation of Hydrogen Ions by the^ acids, or 
it might be due, on the other hand, to the anion or the undissociated 
molecule of the acid. The latter is the correct alternative, for although 
the highly dissociated mineral acids will induce Membrane-formation 
in a limited percentage of eggs, the requisite concentration of these 
acids is far greater than it is in the case of the fatty acids. In fact, one- 
thousandth normal Butyric Acid is more efficient in inducing membrane- 
formation than twelfth normal Hydrochloric Acid; yet hydrochloric acid 
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of even this concentration does not injure the eggs in the periods of 
exposure requisite, because normal fertilization by sperm can still 
occur in 100 per cent of the eggs treated in this manner, and weaker 
concentrations of hydrochloric acid, which are usually ineffective in 
causing membrane-formation, are, of course, even less toxic. A very 
convincing experiment devised by Loeb to illustrate this point consists 
in adding a little Sodium Butyrate to a solution of hydrochloric acid 
in sea-water which is otherwise incapable of causing membrane-for- 
mation. The mixture immediately becomes an effective membrane- 
forming agent, although its acidity, if anything, has been reduced. 
The introduction of the sodium butyrate leads to an interaction with 
the hydrochloric acid, setting free a little butyric acid which accom- 
plishes the initial stage of fertilization. 

It had been observed in 1887 by O. and R. Hertwig that if sea- 
urchin eggs be immersed in sea-water saturated with Chloroform— 
and only a trace of this substance will dissolve in sea-water — fertili- 
zation-membranes are formed. It had also been found by Herbst 
that Benzene, Toluene and Creosote have a similar action. In all these 
cases, however, the membrane-formation was found to be rapidly suc- 
ceeded by’^ Cytolysis and the disintegration of the eggs, so that develop- 
ment, of course, did not occur. Loeb found, however, that if the eggs 
be exposed only for very brief periods to these solutions and then 
transferred to normal sea-water a percentage of the eggs will form 
membranes without cytolysis and may subsequently be induced to 
develop by treatment with hypertonic sea-water. It is a curious and 
as yet unexplained fact that whereas eggs immersed in butyric-acid sea- 
water do not form fertilization-membranes until they are transferred 
to normal sea-water, eggs treated with sea-water containing benzene 
or amylene form membranes before they are removed from the mixture 
The various reagents which are thus found effective in inducing 
membrane-formation have this in common, that they are all fat- 
solvents or highly soluble in fats, and furthermore they are all in greater 
or less degree Hemolsrtic Agents, that is, substances which are cai)able 
of dissolving red blood-corpuscles. This fact drew attention to the 
possibility that other hemol;^i:ic agents might be capable of exerting 
a like effect upon the unfertilized egg of the sea-urchin 

According to Koeppe, besides heat and alternating electric currents, 
there are five distinct groups of chemical agents which are distinguished 
by their power of inducing hemolysis of red blood-corpuscles or, more 
generally, Cytolysis of all types of living cells. These are: 1. Certain 
specific substances, for example the series of glucosides comprising the 
Saponins and Solanins, or the Bile-salts. 2. A series of Fat-solvents 
such as benzene, ether or alcohol. 3- Distilled water. 4. Hydrogen 
ions 5. Hydroxyl ions. Successive experiments have shown that 
each of these groups of reagents may, by appropriate manipula- 
tion,^ be made to cause membrane-formation in the unfertilized sea- 
urchin egg. The Saponins especially are extraordinarily efficient in 
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inducing this phenomenon, membranes being formed in 100 per cent 
of eggs by a dilution of one in a hundred thousand after an exposure of 





Fig 33 — Formation of fertilization-membrane and rjtnlNNi-^ of tlie sea-iin hin « *:ir 
oil treatment with saponin 1, appearance of egg '^^hen e\p«»bed tt» s^ipomn t.olu- 
tion at y 07 \ M , 2, 3 and 4, formation of fertilizatinn-meuibraiie The '•tage <tf com- 
plete membrane-formation as depicted in 4 was reachecl at 0 15 \ m nf at thi*^ stage 
the egg IS Tvithdrawn from the influence of the saponin it can de\elop) tolj, 5, 
began at 9 20 a m , 6 and 7, advanced stages of cjtoljsih induied bj bapoiiin (After 
Loelj ) 


from 30 to 00 minutes, these membranes are formed in the solution 
itself without transference to normal sea-water. If, however, the 
action of the saponin solution upon the egg be permitted to continue. 
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membrane-formation is rapidly succeeded by cytolysis and the egg 
disintegrates. This is illustrated in the preceding figure (Pig. 33), 
showing the successive effects of a saponin solution (8 drops of J 
per cent saponin to 5 cc of sea-water) upon the unfertilized eggs of 
Strongylocentrot'us. It is perfectly clear from these results that the 
formation of the fertilization membrane represents an initial stage of 
cytolysis. If, however, the eggs be removed from the saponin solution 
before manifest cytolysis has occurred, washed in sea-water a number 
of times to remove the last traces of saponin, and then treated with 
hypertonic sea-water, normal development occurs and a large propor- 
tion of the eggs develop into larvae. Precisely the same results are 
obtained with Bile-salts. 

There remains, however, another class of cytolytic agents which has 
yet to be considered in this connection, namely, the tissue-fluids of 
unrelated species of animals. The Blood of the mammalia contains 
cytolytic substances which hemolyze and destroy foreign corpuscles 
and cells, but not those of the same species. This cytolytic power of 
blood and other tissue-fluids is greatly enhanced by previous immuni- 
zation with the foreign cells, but, within the body at least, it is exercised 
without previous immunization. It was found by Loeb that this class 
of c>"tolytic agents is also capable of causing membrane-formation 
in the sea-urchin. Not every unrelated species of animal, however, 
would furnish a tissue-fluid or extract capable of causing membrane- 
formation, in fact only a limited number of forms were found to do so. 
Loeb considers that this is due to the variable permeability of the eggs 
for different lysins, and the permeability of the eggs for a particular 
lysin also seems to vary somewhat in the eggs of different females. 

The first cytolytic agent of this kind to be discovered was that 
contained in the blood of certain marine worms, namely, DendrcMto?na, 
which calls forth membrane-formation in the sea-urchin egg even if it is 
diluted a thousand times or more with sea-water. Later investigations 
have shown that a number of other invertebrates yield tissue-fluids 
or extracts which will cause membrane-formation. Most interesting 
results were, however, obtained by Loeb with the blood of mammalia 
or birds. 

The blood-sera of mammals (oxen, sheep or pigs), which have been 
rendered isotonic with sea-water by the addition of sodium chloride, 
will induce membrane-formation in sea-urchin eggs, but not invariably 
nor in all of the eggs derived from different females. Eggs from one 
and the same female will form membranes in some samples of blood and 
not in others, and again, one and the same sample of blood will form 
membranes in the eggs of some females but not in others. As in the 
case of the saponins the membranes are formed in the solution itself, 
and removal to normal sea-water is not essential, but, unlike the mem- 
brane-formation by saponins it is not followed, in undiluted blood at 
least, by subsequent cytolysis. As we shall see, however, dilution of 
the blood by sea-water enables the cytolytic effect to appear, com- 
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pletiiig the analogy to the action of the saponins. As in all the in- 
stances previously considered, membrane-formation is succeeded by 
one or two cell-divisions and then by death and disintegration of the 
eggs, unless they are treated with hyi)ertonic sea-water which enables 
them to develop'and give rise to normal embryos. 

Loeb sought for the origin of the differing action of the various sera 
by endeavoring to modify it, and he foxmd that preliminary heating 
of the sera greatly enhanced their ability to induce fertilization. Pre- 
liminary treatment of the eggs, however, was found to be even more 
effective. This treatment or "sensitization” of the eggs consists in 
exposing them for a brief period to an isotonic solution of a chloride of 
an Alkaline Earth, calcium, strontium or barium. Of the three, how- 
ever, strontium is much the most effective; the efficiency of barium 
might possibly exceed even that of strontium if it were not for the fact 
that barium is also exceedingly toxic for the eggs, while strontium is 
almost harmless. After exposure to the Strontium Chloride and subse- 
quent transference to isotonic blood-serum, membranes are formed in 
nearly every case upon 100 per cent of the eggs. It has been shown 
by A. R. Moore that this sensitization by strontium is due, not to any 
irreversible change induced in the egg itself by strontium, but more 
probably to the actual presence of the strontium w'ithin the egg, for if 
the eggs after exposure to the strontium chloride solution be washed 
free of the solution by two or three changes of sea-water, their sensi- 
tiveness to blood-sera is lost. 

The membrane-forming substance in blood-serum was found by 
Loeb to be remarkably resistant to heat. Exposure of ox-serum to a 
temperature of 73° for half an hour, which leads to coagulation of the 
serum-proteins, does not destroy its fertilizing power. Heating the 
serum to 100° does, however, destroy the active substance. The blood 
of Dendrostoma still retains a proportion of its membra ue-forining 
power, even after having been heated rapidly to boiling p4>int, more 
prolonged boiling (2 to 3 minutes), however, destro\b it& activity. 
The thermostable character of the active substance at once distin- 
guishes it from the Alexin or bactericidal substance which i*^ present in 
mammalian blood-sera, for this is inactivated by heating to 5b°. 

The active substance in mammalian sera is not extracted b\" shaking 
the serum with Ether. If several volumes of Acetone are addetl to 
the serum, the precipitate which results, after drying, powdering and 
resolution in sea-water, retains the power of inducing membrane- 
formation. The substance is therefore precipitated by acetone. 

A very minute and intensely active fraction may be prepared from 
mammalian blood-sera by the following procedure. One hundred cc 
of ten per cent Barium Chloride solution are added, with constant 
stirring, to each liter of serum. This mixture is kept in a cool place 
for forty-eight hours, W’hen the supernatant fluid can be decanted. The 
residue is washed several times with large volumes of 2 per cent barium 
chloride solution to remove aU traces of serum. The precipitate is now 
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stirred up with tenth-normal hydrochloric acid, warmed to 45 ° C., 
using 50 cc for the precipitate from each liter of serum. After stirring 
for an hour or more the mixture is centrifuged and to the clear fluid 
thus obtained an equal volume of tenth-normal sulphuric acid is 
added. This solution is allowed to stand at 40° C. for twenty-four hours 
and then thoroughly centrifuged to remove barium sulphate. To the 
clear fluid are added four or five volumes of acetone and the mixture 
is cooled for eight hours or more, at the end of which time the white 
flocculent precipitate has settled. It can then be collected on a hard- 
ened filter, washed with ether and dried over sulphuric acid. This 
preparation, which has been designated OSeytin, has been carefully 
examined by G. W. Clark, who finds that successive samples differ in 
elementary composition, showing clearly that it is a mixture of two or 
more substances. It gives all the protein reactions but also yields on 
hydrolysis notable quantities of HypoxanHune and a Pentose, but only 
a trace of phosphoric acid. These products correspond to those which 
would be yielded by the Nucleosides or glucosidal fractions derivable 
from the nucleic acids by partial hydrolysis. The presence of appre- 
ciable amounts of this glucoside in the preparation is of peculiar 
significance when the glucosidal structure of '^e Saponins, which are 
similarly potent in inducing membrane-formation, is borne in mind. 

The membrane-forming power of oSeytin acting upon eggs sensi- 
tized by strontium chloride is very great, comparable in fact with that 
of the saponins. It will induce membrane-formation at a dilution of 
one in five hundred thousand. The sensitizing effect of strontium is 
clearly seen to lie in the fact that it precipitates the oocytin and so 
concentrates it within or upon the surface of the egg. In concentrated 
solutions eggs which have been freshly transferred from strontium 
chloride solution collect a dense precipitate at their periphery, which 
may often mechanically prevent or delay the formation of the fertili- 
zation-membrane. That the activity of the preparation is not due to 
contamination by barium or other inorganic substances is shown by the 
fact that it is inactivated by heating for a few minutes to 80° C. , the 
temperature at which the activity of blood-serum itself is destroyed. 

From the spermatozoa of the sea-urchin, cytolyzed by distilled water, 
a sunilar fraction may be prepared having analogous potency in 
inducing membrane-formation in eggs which have been sensitized by 
immersion in stronti^ chloride solution. This material has also been 
found by Clark to yield notable amounts of a purine base and a pen- 
tose on hydrolysis. It would appear very probable, therefore, that 
membrane-formation in natural fertilization is brought about by the 
introduction into the egg, within the body of the spermatozoon, of a 
glucosidal cytolytic agent, which is related to the nucleosides. 

The action of oocytin upon the sea-urchin egg differs from that of 
isotonic mammalian blood serum in two respects; firstly, in the fact that 
prolonged exposure of tlie eggs to oocytin solutions causes cytolysis, 
and secondly in the fact that it is potent at a great number of different 
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dilutions^ whereas the potency of isotonic serum to induce membrane- 
formation disappears upon dilution of the serum to one-half, or 
at all events one-fourth, by the addition of sea-water. This differ- 
ence in behavior is apparent, however, and not real. It is due to the 
inhibiting action of the proteins which are also present in the serum. 

If isotonic blood-serum be diluted by successive additions of sea- 
water the membrane-forming power is at first weakened and then 
disappears, but upon further dilution it reappears and then is retained 
to very high dilutions. The following are illustrative experiments: 


Qx-serum Sabiple Ill- 

Eggs sensitized by four minutes’ immersion in f m. SrCb* 


Dilution of the 

Per cent of membranes 

Per cent of membranes 

isotonic 

formed in fifteen 

formiAl in fifty 

serum 

minutes. 

minutes. 

1 . . . 

.... 100 

100 

1/2 

5 

50 

1/4 

. . 0 

0 

1/8 . 

. . Not observed 

44 

1/16 

tt 

100 


Ox-SERtlM SaMPLK V. 


Eggs sensitized by four minutes’ immersion in 

t m. SrCU. 

Dilution of the 

Per cent of membranes 

Per cent of membranes 

1 atonic 

formed in fifteen 

formed in ninety 

serum 

minutes 

minutes 

1 

68 

100 (none cytolyzed) 

1 2 

80 

86 (none cjtolyzed) 

1 4 

0 

0 (none cj’toljzed) 

1/S 

0 

16 (. 1 per cent c>’tol> zed > 

1/lb 

1 

72 (10 per cent c^tolyzed; 


It is evident that when the membrane-forming power is regained in 
the higher dilutions the power of inducing cytolysis is also acquire<l, 
so that the action of the blotxl-serum now resembles that of saponin 
or oocytin in every respect. The failure of cytolysis to appear in 
undiluted serum is due to the inhibiting effect of the high concentration 
of Protem which it contains, and even membrane-forniatu)n may be 
inhibited if the concentration of serum-proteins is too high or if addi- 
tional protein be dissolved in the serum. Such sera will nevertheless 
induce membrane-formation and cj'tolysis if they are diluted, the inhib- 
iting effect of the proteins becoming negligible at a dilution of one in 
sixteen or one in thirty-tw'o. 

Even membrane-formation by Butyric Acid or by spermatozoa may 
be inhibited by the addition of proteins to the sea-wrater. The following 
table shows the relative efficiency of various proteins in inhibiting 
membrane-formation : 

33 
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Ft-otein 


Highest observed 
oonoentration whiob 
permits membrane- 
formation by 
butyric aoia 


Irf>west observed 
oonoentration whioh 
prevents membrane- 
formation by 
butyric acid 


Mixed serum protoms . 
GeUtin . ... 

“Insoluble** serum-globulm 
Oaseui • 

Ovomucoid 


3 7 

7 4 

1 0 

2 0 

0 3 

0 6 

0 26 

0.6 

0 125 

0 25 


It is a very striking fact that the order of effectiveness of these 
proteins in preventing the formation of membranes is the reverse 
order of their ability to pass through a porcelain filter. It has been 
sug g ested by Loeb and von Knaffle-Lenz that the formation of the fer- 
tilization-membrane is accompanied by the entry of water into the egg. 
This is prevented or delayed by the presence of colloids in the sur- 
rounding medium because they cannot penetrate the egg and hence 
exert an osmotic pressure tending to withdraw water from the egg. 
For similar reasons cytolysis is also inhibited and it has also been 
stated by B. Moore that the action of Hemolsrtic Agents in liquefying 
blood-corpuscles is similarly inhibited by proteins. 

The normal concentration of protein in blood-serum lies between 
7 and 8 per cent and it will be seen that this lies on the margin of the 
concentration which inhibits membrane-formation by butyric acid 
(and also by sperm). Hence if the oocytin content of a sample of 
serum be low, or the concentration of serum-proteins a little above the 
average, it will fail to cause membrane-formation even in sensitized 
eggs. Heating the serum permits membrane-formation to occur 
because it results in coagulating and removing the proteins, and dilu- 
tion achieves the same result in a different way. At first, however, 
the effect of dilution in reducing the membrane-forming power of the 
seruna more than compensates for the diminished inhibition by the 
proteins, so that dilution of serum to one-half or one-fourth usually 
derives even an initially active serum of the power to induce mem- 
brane-formation. Even when the undiluted serum is sufficiently 
potent to overcome the inhibition of its proteins so far as to cause 
membrane-formation, the inhibition is nevertheless operative and finds 
expression in the prevention of the subsequent cytolysis. 

The concentration of protein in the medium bathing the eggs which 
is required to inhibit membrane-foimation affords a quantitative 
measure of the potency of the fertilizing agent. The more concentrated 
a solution of Saponin, for example, the greater the amount of Ovo- 
mucoid which must be added to it to prevent the formation of mem- 
branes. FVem this it is evident that the charge” of membrane- 
forming agent which the s^rmatozoon carries into the egg must be 
less than that which is deposited upon sensitized eggs in an active serum 
which induces membrane-formation without previous dilution, for the 
concentration of proteins in normal undiluted serum is sufficient to 
inhibit the membrane-formation succeeding fertilization by sperma- 
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tozoa. It is, however, possible to increase the “charge^^ of membrane- 
forming agent in spermatozoa by sensitizing them with strontium 
chloride solution and exposing them to blood-serum previously to fer- 
tilization. They thus accumulate the membrane-forming agent from 
the serum and carry it, together with their own membrane-forming 
agent, into the egg. The following experiment affords an illustration 
of this fact: Solutions of ovomucoid in sea-water were prepared con- 
taining 2, i and i per cent of the protein, respectively and in 2 cc 
samples of each of these solutions were placed two drops of a thick 
suspension of the eggs of Strmgylocenirotus purpuratus. The sperm 
from a male of the same species was divided into three portions. The 
one portion was untreated save by washing in sea-water. A second 
portion was immersed for four minutes in f m. strontium chloride and 
then for one minute in sea-water. The third portion was immersed 
for four minutes in f m. strontium chloride and then for four minutes 
in an isotonic undiluted blood serum. These three samples of sperm 
were then added to the eggs contained in the solutions of ovomucoid 
in sea-water described above. The concentrations of ovomucoid 
employed inhibited the formation of fertilization-membranes by the 
normal spermatozoa and by those which had merely been immersed 
in strontium chloride solution, but, except in the case of the strongest 
solution, they w^ere unable to prevent the formation of membranes by 
the spermatozoa which had acquired an additional charge of cji:oIytic 
substance from blood serum: 


Concentration of , 
O'v omucoid 
solution 

Per cent membranes 
formed by untreated 
sperm after 

Per cent membranes 1 
formed by sperm tv ashed 
m SrClz and then in 
sea-Tvater after 

Per rent membranes 
formed b\ sperm Tvabhed 
in SrCls and then in 
serum after 

15 iiiins" 

40 niius 

15 mins 

40 iiiiii'^ 

15 Illlllb 

40 llilllb 

2 per cent 

0 

0 j 

1 0 

0 

0 

0 

1/2 

0 

0 1 

0 

1 0 

20 

30 

1/4 

1 /o 

0 

0 1 

0 

o 

' 0 

' o 

30 

1 D 

40 

t o 


It appears, therefore, that the cytolytic agent in maininalitin I>1 o(m 1- 
serum when intro<liiced into the egg-c*ell together with the si>ernia- 
tozoon brings about just the same effects as the cytolytic agent in the 
spermatozoon itself and the inference is thus renderetl the more prob- 
able that these tw’o agents are similar in character. 


THE EfTECT OF MEliraRANE-FOBMING AGENTS UPON THE EGG. 

The essential feature of the process of Membrane-formation is its 
evidently close relationship to the phenomena of Cytolysis, or lique- 
faction and disintegration of the cell. In the view of Loeb it is c;^i:olysis 
which is confined to the cortical layer of the egg. The formation of the 
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membrane is accompanied by a very manifest increase in the volume 
of the egg which can only be accounted for by an imbibition of water. 
The cytolysis which succeeds membrane-formation is accompanied 
by a still greater swelling and imbibition of water. This has been 
attributed by Loeb and von KnaflBe-Lenz to the partial liquefaction or 
destruction of an Emulsion-structure within the cell or at its periphery. 
We have seen (Chapter XIII) that protoplasm consists of an emulsion 
of lipoids in a protein medium and that this emulsion must be particu- 
larly concentrated at the surface of the protoplasm owing to the 
lowering of interfacial tension which is thus brought about. Any 
increase in the diameter of the lipoidal droplets in this superficial layer, 
or their coalescence, must lead to a corresponding increase in the width 
of the interstices between them, and hence to an enhanced permeability 
for water and salts. The fat-dissolving character of the majority of 
the cytolytic agents is thus the origin of the taking up of water by the 
egg which results in the physical phenomena of cytolysis or cell-lique- 
faction. Any other agent which will induce imbibition of water will, 
however, also bring about cytolysis. For example distilled water or 
Hypotonic Solutions bring about cytolysis because the excess of osmotic 
pressure within the egg forces water into the cell even through the 
normally narrow interstices of the cortical layer. Other agents may 
induce cytolysis by altering the solubility of the protein component of 
the emulsion, and hence cytolysis may be induced in certain cells by 
physiologically unbalanced salt solutions. Even membrane formation, 
as Lillie has observed, may be brought about in certain echinoderm 
eggs {Arhacia) by exposing them to pure solutions of certain Sodium 
Salts, and this effect is inhibited by an admixture of Calcium Chloride. 

The formation of the fertilization-membrane, therefore, whic‘h is 
the first step in the stimulation of development whic*h coiustitutcs 
fertilization, is essentially a partial and arrested cytolysis. The impor- 
tant question now presents itself. In what way does this partial cytolj- 
sis aft'ect the chemical processes of the cell? 

One very decided effect of fertilization by spermatozoa is enhance- 
ment of Basal Metabolism, indicated by a greatly increased (*onsiiinp- 
tion of oxygen. The following measurements by Loeb and Wasteneys 
illustrate this fact: 

CoNsmiPTioN OF Oxygen by a Given Mass op Akbacia E(icjs. 

Mg of uxyguii cuiihuinud 


Time per houi 

Before fertilization ... ... ... 0 24 

First hour after fertilization . . 0 94^ 

Second hour after fertilization . . 0 80 

Third hour after fertilization .... 0 87 

Fourth hour after fertilization . . . . . 0 91 

Fifth hour after fertilization . . . . 1 06 


^ This \alue is too high, owing to the presence of sperm which were washed away 
before the next determmation was made. 
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During the period occupied by the experiment the eggs had pro- 
ceeded to the thirty-two cell stage. The rate of oxidations does not 
reach its maximum instantaneously, but increases progressively. For 
example, Warburg in comparing the rates of oxidation in the 8-celI and 
32-ceIl stages found that ^ey were in the ratio of 4.2 to 6.8. 

Corresponding with these facts we find that deprivation of oxygen 
arrests the processes of development and prevents nuclear and cell- 
division. The same effect is brought about by Cyanides, which also 
arrest cellular oxidations and, in multicellular animals, act primarily 
by reducing tissue-respiration. It is possible to show, however, that 
other processes besides oxidations are initiated by fertilization, for 
when the fertilized eggs of Strongylocentrotus purpuratus are left in 
sea-water free from oxygen for twenty-four hours at 15° C. they will 
not develop during that time, but they will begin to develop at once 
if oxygen is admitted. It is found, however, that their development is 
no longer normal, since they form abnormal blastulse and never or 
rarely reach the gastnila stage (Loeb). If unfertilized eggs are kept 
for twenty-four hours without oxygen Aey remain iminjured, and upon 
the addition of sperm they develop normally and produce healthy 
plutei. The same result is obtained if development is arrested by 
potassium cyanide. 

It has been shown by Loeb that not only is development 
arrested by deprivation of oxj'gen, but it is also, to some extent, 
reversed. Thus if development be initiated by membrane-formation 
with butjTic acid in Arhacia eggs, on restoring the eggs to normal sea- 
water they die within a few hours unless they are treated with hyper- 
tonic sea-water; moreover, they are no longer fertilizable by sperm. 
However if, instead of transferring the eggs to normal sea-water, 
they are placed in sea-water containing sodium or potassium ej-anide 
or chloral hydrate, then after some hours they no longer die when they 
are returned to normal sea-water and, in fact, may now be fertilized 
by sperm. 

The fact that Chloral Hydrate and other narcotics, as well as cyanides, 
will arrest the development of fertilized eggs is a striking proof, in 
itself, that other chemical phenomena besides oxidation uiulerlie 
development, for the narcotics, although they suppress or retard the 
processes of cell division and development, do not perceptibly diminish 
the rate of oxidation in the egg. The acceleration of basal metabolism 
which occurs in fertilization, therefore, although essential to develop>- 
ment, is not the only essential chemical transformation which underlies 
the process of development. The vast majority of the reactions which 
occur in living tissues are oxidations, reductions, or hydrolyses,^ and 
we may therefore consider it probable that Hydrolysis also occurs and 
performs an essential function in early development. 

It remains now to discuss the relative parts played by the two 
factors of fertilization, the one consisting in the partial cytolysis of the 

^ Oecarbozylization should perhaps be added to this list. Deaminization may with 
propriety be classed among the hydrolyses. 
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egg and the other, which is also brought about by the spermatozoon 
and may be imitated by treating the eggs with hypertonic sea-water. 
In the first place, as regards the cytolytic effect, or Membrane-formation, 
it has been found that the characteristic acceleration of Oxidations 
which is induced by complete fertilization is also induced by membrane- 
formation. Thus Warburg compared the rate of oxidations in unfer- 
tilized eggs and in eggs which had been fertilized by sperm, and he 
found that the consumption of oxygen in the eggs which had been 
fertilized was 10.5 times the consumption of oxygen in the unfertilized 
eggs- The same eggs after butyric acid treatment consumed 9.0 times 
as much oxygen as the imfertilized eggs; the effect of membrane- 
formation alone upon the basal metabolism was therefore very nearly 
equal to that of complete fertilization. These experiments were re- 
peated by Loeb and Wasteneys who, in another species of sea-urchin, 
found the ratio of oxygen-consumption in unfertilized and sperm- 
fertilized eggs to be 1 :4.55, while two estimations of oxygen-consump- 
tion in the same unfertilized eggs after membrane-formation by 
butyric acid gave the values 1:4.72 and 1:4.28, indicating that the 
effect of membrane-formation is to raise the rate of oxidations to 
approximately the same height as the entrance of a spermatozoon. 

We have seen that membrane-formation is essentially a partial and 
arrested Gytolysis. That this is really the essential feature in the pro- 
cess and not merely an incidental phenomenon is shown by the fact 
that if cytolysis be pushed even further, by whatever agent it may be 
caused, the effect is to increase the consumption of oxygen by the egg 
and approximately in proportion to the degree of cytolysis which is 
induced. Complete cytolysis of the egg of the sea-urchin can be caused 
by the addition of Saponin to the sea-water. Loeb and Wasteneys 
measured the rate of oxidations in a batch of unfertilized eggs in sea- 
water and they found that they consumed 0.15 mg. of oxygen per hour 
at 15° C. The eggs were then cytolyzed with saponin and the amount 
of oxygen consumed per hour at 15° C. determined again. It was 
found to be 1.07 mg. The complete cytolysis of the eggs, therefore, 
increased the rate of oxidation 700 per cent, or rather more than 
fertilization itself. Cytolysis by hypotonic sea-water also causes an 
increase in oxidations. 

The second factor in artificial fertilization, the treatment with Hyper- 
tonic Sea-water, also increases the consumption of oxygen by the egg, 
but only to a relatively slight degree, and not at all if it succeeds mem- 
brane-formation, whether induced by a spermatozoon or by butyric 
acid. Thus, Loeb and Wasteneys obtained the following results with 
the unfertilized and otherwise untreated eggs of Strongylocentrotus 
purpuratus: 

Solution 

Normal sear-water . , , 0 30 

Hypertomc sear-water ( = 50 co sear-water + 9 co 2i m. NaCl + KCl 

+ CaCla) . . . . . . , , 0 67 

Normal sea-water half an hour later . . . . 0 61 

Normal sea-water twenty-one hours later 0 48 
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The increase in oxygen-consumption is obviously much less than 
that caused by membrane-formation and it is, moreover, transitory, 
falling off with time after the exposure instead of increasing, as it does 
when the eggs are normally fertilized or treated with butyric acid. 
On the other hand in eggs in which membrane-formation has been 
induced by butyric acid or by the entry of a spermatozoon, no increase 
whatever and no important decrease in the rate of oxidations could 
be observed on treatment with hypertonic sea-water. The corrective 
effect of hypertonic solutions in preventing the death and disintegra- 
tion of the eggs which succeeds membrane-formation by cytolytic 
agents is, therefore, not to be sought in an effect upon oxidations. It 
may possibly reside in an effect upon imderlying hydrolyses, for these, 
as we have seen, will bring about the destruction of the egg if they are 
permitted to go forward while the oxidations are retarded or prevented 
by lack of oxygen or by cyanides, and hence if they were dispropor- 
tionately rapid, even in eggs in which oxidation were proceeding, they 
might be presumed to exert a like deleterious effect. However this 
may be, the action of the hyi)ertoDic solutions upon the egg is not 
reversible upon restoration to normal sea-water. The effect is to induce 
a permanent alteration of the egg which renders it able to withstand 
partial cytolysis (membrane-formation) without injury. Thus, Loeb 
has shown that if the unfertilized eggs of StrongylocerUrotus •purpuratus 
be placed for from two to two and a half hours in hypertonic sea-water 
(50 cc sea-water + 8 cc 2^ m. Ringer solution) they may be returned 
to normal sea-water and subsequent treatment with butyric acid, even 
forty-eight hours later, will induce not merely membrane-formation, 
but full and normal development of the embryo. 


THE RELATIONSHIP OF PHOSPHOLIPINS TO THE SYNTHESIS OF 

NUCLEAR MATERIAL. 

The leading results of the early development of the embryo are, 
in the first place, the very great increase of cellular surface due to 
repeated subdivisions of the original egg-cell and in the second place 
an increase in the proportion of nuclear to cytoplasmic constituents. 
The earlier estimations of Boveri led him to the conclusion that the 
mass of nuclear material in the cells is doubled at eacK cell-division, 
but the more recent estimations of Conklin have tended to greatly 
reduce this estimate, the average nuclear growth during cleavage 
amounting, it appears, to not more than from five to nine per cent for 
each cleavage that occurs. Nevertheless there is a definite increase 
in nuclear material during the formation of the multitude of nevr cells 
which comprises the Blastula-stage of the sea-urchin, and since during 
this period of development no growth of cytoplasm occurs, the cyto- 
plasm of the new cells occupying collectively the same space as the 
original egg-cell, it is evident that a disproportion of nuclear to cyto- 
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plasmic material must be established, a disproportion which subsequent 
development corrects- 

The Synthesis of Nuclear Material is a self-accelerated or autocatalyzed 
phenomenon. This follows from tihe fact that each successive cell 
division occupies about the same length of time as the preceding one, 
but the number of nuclei which results from the divisions is at each 
division twice as great as in the preceding one- The rate of production 
of nuclei therefore forms a geometrical progression in time intervals 
which constitute an arithmetical progression. The synthesis of nuclear 
material thus evidently accelerates the formation of fresh nuclear 
material- (Loeb.) 

It has been shown by Loeb in animals, and by Osterhout in plants, 
that the nucleus is the seat of the most energetic oxidations in the cell. 
Moreover, the oxidative activity of the egg-cell is, as we have seen, 
greatly increased by fertilization, possibly in consequence of the syn- 
thesis of nuclear materials which is thereby initiated. It has, indeed, 
been contended by Warburg that the increased energy of oxidation 
which succeeds fertilization is confined to the surface of the ovum. 
This conclusion he bases upon the following facts: (a) That sodium 
hydroxide does not penetrate the egg, but gives rise to increased 
oxidation, while ammonium hydroxide, which does penetrate the egg, 
does not increase oxidation; (6) that certain narcotics, for example, 
phenylurethane, suppress nuclear division without diminishing the 
oxidative rate; (c) that polyspermia (fertilization by more than one 
spermatozoon) accelerates the division-rate without increasing the 
rate of oxidation. Loeb and Wasteneys, however, have shown that 
the concentration of sodium hydroxide, which suffices to increase the 
oxidation of the egg, is so toxic as to altogether inhibit subsequent 
development, and that non-in jurious concentrations of all bases are 
without demonstrable effect upon the rate of oxidation. The action 
of narcotics, and the occurrence of polyspermia, also involve very 
fundamental interference with the physiological economy of the cell 
which might readily lead to aberrations of the mechanism of nuclear 
division. Under such circumstances nuclear division-rate may not 
bear its normal relation to nuclear synthesis, so that no positive evi- 
dence is afforded by Warburg^s experiments to the effect that nuclear 
synthesis may occur without increase of oxidations. 

On the other hand there is much evidence to indicate that the 
manufacture of Nucleic Acid itself is an oxidative synthesis. The 
nucleic acids, as we have seen, are built up by the combination of purine 
or p^Timidine bases with a carbohydrate radical and phosphoric acid. 
The derivation of the first two of these components from proteins and 
from carbohydrates or fats previously present in the egg is readily 
conceivable, but the question of the origin of the Phosphoric Acid com- 
ponent suggests several interesting problems. In the first place it is 
evidently not derived from the external medium which bathes the cells, 
for perfectly normal development will occur dn Van t’HofE’s Solution, 
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which contains no phosphates. The phosphoric acid which is required 
for the synthesis of nucleins must therefore be derived from some con- 
stituent of the egg-cell. Two groups of constituents suggest themselves 
as abundant sources of phosphoric acid, namely, inorganic phosphates 
and ihe Phospholipins, of which egg-lecithin may be taken as a type. 
The increase of nucleic acid in development takes place within the 
nuclei during the interdivisional periods. But if the materials neces- 
sary for this synthesis are contained within the nucleus itself, then 
the requisite phosphorus must be derived from phospholipins, or other 
organic compounds of phosphorus, since phosphates have been shown 
by Macallum to be absent from the nucleus. Now, the investigations 
of Miescher have shown that the energetic synthesis of nuclear 
material which occurs during spermatogenesis in the salmon involves 
a consumption of phospholipins, presumably to provide the phosphorus 
required for the synthesis of nucleic acid. If the carbohydrate radical 
of nucleic acid is similarly derived from phospholipins, then extensive 
oxidation of fatty-acid radicals must necessarily accompany the pro- 
cess. It was pointed out by Hoppe-Seyler that the lecithin-content 
of embrjnnic tissues is exceptionally high, and Mesemitzky and 
Plimmer arid Scott and others have shown that the lecithin-content 
of hen’s eggs, which is initially very high, progressively diminishes 
during the development of the embiyo. Moreover, Tangl and von 
Mituch have shown that the Respiratory Quotient during develop- 
ment corresponds to that obtained in the oxidation of fats, from which 
they infer that the lipins in the yolk of a hen’s egg are the source of 
the energy which is consumed in building up the tissues of the embryo. 

That the same process occurs in the development of the sea-urchin 
egg has been shown by Robertson and Wasteneys, who estimated the 
proportion of alcohol-soluble phosphorus in eggs which had just been 
fertilized and again in eggs which had developed to blastulfie and plutei. 
The following were the results obtained with the developing eggs of 
Strongylocentt otus purpuratus: 

Percentage of tlie total phosphorus 
preaient in alcuhol-sioluble furiiib 

Stage of dev elopment Experiment! rxperirntuc II 

Fertilized eggs . . 39 o 40 o 

Blastulte . . . 36 5 3S 8 

Plutei 35 2 3 j 1 

In the first experiment the alcohol-soluble phosphorus (phospho- 
lipins) decreased by one-eighth, in the second by one-fourth, and this 
decrease was progressive. Similarly, Paul and Sharpe have shown that 
during the period which immediately precedes moulting in the Crm- 
iaceUy when active mitosis is occurring without any increase in the size 
of the animal, the phospholipins progressively decrease in amount. 
The experimental evidence from a diversity of forms therefore tends 
to establish a relationship between the disappearance of lecithin or 
other phospholipins and liie synthesis of nuclear materials. 
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THE CHEMICAL MECHANICS 07 CELL-DIVISION. 

The ftsaftTififl.1 mechanical resultant of cell-division is Ae increase of 
the Protoplasmic Surfaces which is brought about. During the succes- 
sive divisions which an egg-cell undergoes in developing to the blastula- 
stage the total area of the protoplasmic surfaces is enormouslyincreased. 
Even in attaining the diirty-two-cell stage, for example, the total proto- 
plasmic surface is increased by about three hundred per cent. Such 
an increase in a fluid smface necessarily implies either the performance 
of work by external forces or else a considerable red/uetUm of Superficial 
Tension. 

In 1876 it was suggested by Biitschli that cell-division is brought 
about through an increase of surface-tension, subsequent to nuclear 
division, in the equatorial region of the egg. He pointed out that 
substances diffusing from the nuclei or centrosomes must necessarily 
reach their highest concentration in the equatorial plane and hence, 
assTuning that these substances increase the siuface-tension at the 
periphery of the egg, the most marked increase would occur in the 
equatorial region and, as a consequence, the surface-tension at the poles 
of the cell would be less than that at the equator. 

Such a conception of cell-division is, however, manifestly erroneous, 
for an increase of interfacial tension at the equator, such as Biitschli 
imagines to occur, implies an increase in the molecular attractive forces 
at the equator, and die fluids of the cell would not stream away from 
the region of high attraction but would, on the contrary, stream toward 
it. The result would be that the equatorial surface would tend to 
become highly curved, as areas of high tension in a fluid always do, 
and the surfaces at the poles would become relatively flattened. The 
result would be the formation of a flattened disc with a highly curved 
edge, the latter representing what was formerly the equatorial surface 
of the egg. Such a process obviously could not lead to cell-division. 
In fact, since the substances which Butschli ima^nes streaming from the 
nuclei or centrosomes are supposed by him to raise the surface-tension 
of the egg, their total effect could only be to diminish the surface of 
die egg relatively to its volume, if that were possible, and not to increase 
it, which is what the forces leading to cell-division actually accomplish. 
In fact no model can be imagined in a fluid which will accomplisli 
increase of surface by increase of superficial tension. Such a model 
can be devised in a non-fluid system, as, for example, a rubber balloon 
subjected to compression by a rubber band around its equatorial 
circumference. The equator of the balloon would by this means be 
constricted and the single sphere would tend to divide into two, owing 
to the application of additional tension at its equator. This model is, 
however, in no way comparable to a fluid drop, for it is characteristic 
of the superficial tension of liquids that it is not altered by diminution 
or expansion of the surfeice, because it is really due to the unbalanced 
attraction of the underlying molecules of the liquid for each other. If 
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a cleft is formed in a liquid drop the opposite walls of the deft attract 
one another and tend to close up the cleft again. If they fail to do so 
it can only be because the molecular attractions have been weakened, 
i. e,y the surface-tension diminished. In a rubber balloon there is no 
such attraction across the cleft; the tension is purely transverse and is 
not exerted perpendicularly^ to the surface as it is in a fluid, and so 
there is nothing to prevent "a deft from extending deeper and deeper 
into the equator of the rubber balloon provided the tension of the 
encircling band is reduced thereby to a greater extent than the tension 
of the balloon is increased. 

In 1895 it was suggested by Loeb that phenomena of Protoplasmic 
Streaming are what really lead to cell-division. He pointed out that 
in cell-division the protoplasm streams from the equator of the cell 
in opposite directions toward the two nuclei; the violence of these 
streaming movements, he suggested, brings about the mechanical 
separation of the two cells. 

The streaming of protoplasm from the equator toward the poles 
suggests that the phenomenon antecedent to cell-division is a diminu- 
tion of surface-tension in the equatorial region and not, as Biitschli 
suggests, an increase. That such equatorial diminution in surface- 
tension will bring about the division of droplets into two is very readily 
shcmm by means of the following simple experiment: 

The formation of Soaps at the surface of oil-droplets results, as we 
have seen in Chapter XIII, in a diminution of the surface-tension of the 
droplets; if the formation of soap is local, that part of the surface upon 
which the soap is formed tends to spread. Since commercial olive oil 
almost invariably contains traces of Fatty Acid, the result of bringing an 
alkali in contact with a drop of such oil will be the formation of soap at 
the point of contact. If, now, a drop of Olive Oil, which is not too 
large (about 2 to 3 mm. in diameter), be floated on a layer of vrater, and 
a thread saturated with tenth normal alkali (NaOH or KOH) be 
brought gently into contact with a diameter of the drop, the almost 
immediate effect is the division of the drop into two. The phenomena 
accompanying this division are perfectly characteristic. Instantly the 
edges of the drop (the ends of the diameter along which the thread lies) 
recede from the thread, forming a notch at each end of the diameter, 
and violent streaming-motions occur at the surface away from the 
thread and toward the opposite poles of the drop. These streaming 
movements may be so violent as to rotate the droplets into which the 
drop divides through as much as 360®. If the division does not occur 
too rapidly the streaming may result in the two droplets, being connected 
by a thread of oil, which may be central or to one side, and it ma> then 
be clearly seen that the mechanism which brings about the snapping of 
this thread is the violent streaming in opposite directions which takes 
place in the drops. Phenomena almost exactly resembling those 
described by Loeb in dividing ova may readily be observed (Fig. 34). 
Frequently, also, processes resembling Pseudopodia are thrown out by 
the droplets in the act of their division. 
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The segmentation of the drop is not due to ineehauieal division by 
the thread, for, in the first place, tlic streaming phenomena, etc., are 
obviously attributable to soap-formation, and, in the second place, the 
phenomena observed when a thread, un wetted save with water, is laid 
across the drop are quite difl*erent from those described above. The 
drop of oil adheres to the thread and forms an elongated ellipsoid, its 
long axis coinciding with the thread; in fact the drop of oil assumes 
somewhat the form which the cell would assume were the phenomenon 
subsequent to nuclear division, as Butschli imagines, an ^increase in 
surface-tension at the circumference of the equatorial layer. 

Similar phenomena may be obtained with submerged droplets, 
formed by adding chloroform to the oil to increase its specific gravity, 
or by droplets immersed in a column of salt solution of varying con- 
centration the lower layers being saturated, so that the drop floats 
midway without sinking or rising, only in this case stronger alkali 
must be used because the greater part of it is washed oil* the thread in 
passing it down to the drop through the upper layers of water or salt 
solution. 



egg) illustrating the underlying phenomenon of streaniing “The divmion hogan on 
one side (1) and the protoplasm then flo-wod in the directum of the niiows (2) in oppo- 
site directions toward the two nuclei. The connect mg-piei'o he<*oineh empty ol pioto- 
plasm and only the pigmented solid surface film is left (3) and finally thih also diHapix^ais 
(4) ” (After Loeb ) 

The action of alkalies is not confined to those incntionctl above but, 
apparently, the division and accompanying phenomena can be brought 
about by means of threads dipped in all bases which form soaps with 
fatty acids. Thus tenth-normal potassium hydroxide or soiliuin 
hydroxide and a saturated solution of calcium hydroxide, all bring 
about the division, although the division when calcium hydroxide is 
used is less rapid than when tenth-normal sodium or potassium hydrox- 
ide are employed, because the concentration of a saturated solution of 
calcium hydroxide is only about twentieth normal. The division and 
accompanjung phenomena are also elicited in a marked degree by 
threads dipped in Choline. 

Not only the bases, but the soaps themselves bring about the 
division, thus if a thread smeared with Choline Oleate be laid across the 
diameter of a drop of olive oil, the division of the drop -wall occur, 
although more slowly than when choline itself is used. This shows 
that the action of these bases is due to the soap which is formed when 
thej' come in contact with the oil and not to hydroxyl ions. 
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Now we have seen that the phosphoric acid component of the 
nucleic acid molecule is probably derived, during nuclear synthesis, 
from Lecithin or similar Phospholipins. The decomposition of lecithin 
for this purpose must lead to the setting free either of Choline itself 
or of a soap of choline or some other nitrogenous base, formed by com- 
bination with the fatty-acid radicals of the phospholipin. Inunediately 
following the division of the cell-nucleus into two, which precedes by 
a definite interval the division of the cell, we may suppose an active 
s^Tithesis of nuclear materials to be occurring in the two nuclear regions. 
Hence in these localities, provided that the above hypothesis be correct, 
choline or some other nitrogenous base would be set free. If now 
choline be liberated at both nuclei and diiBFuses from each nucleus in all 
directions its maximal concentration must obviously occur in the 
equatorial plane at right angles to the line joining the two nuclei. 
We have seen that choline, when applied to the diameter of a droplet of 
liquid immiscible with water (provided soap is formed), results in the 
division of the drop along that diameter. It is possible that choline 
set free in nuclein sjTithesis brings about, in a similar manner, the 
division of the cell, through the formation of soaps in the equatorial 
plane, either through combination wdth fatty acids in the c;v"toplasm, 
or else through its having been liberated in the neighborhood of the 
nuclei in combination with one or more of the oleic, stearic or palmitic 
acid groups of the lecithin molecule. 

It is not even necessary' to presuppose an actual separation of the 
two nuclei, it is only necessary to suppose that the nuclein synthesis 
occurs with greater rapidit\ at opposite poles than elsewhere wdthin 
the nucleus in order to understand how nuclear dhision may he brought 
about by essentially the same mechanism as that which brings ab<jut 
cell-division itself. 

ARTIFICIAL TWIN-FORIVIATION AND THE FORMATION OP 

MONSTROSITIES. 

In the normal development of the egg the earl\' clea\'age-tells, 
although distinct and separated from one another b\ a definite inter- 
face, nevertheless remain in close appi>sition to one another. So long 
as this is the case a single embryo develops If, howe\er, the fir^t two 
cleavage-cells chance to fall apart and cease to remain in their nornicd 
closeness of apposition then each of the cells de\elops into a separate 
and complete embryo and twins are formeil from a single egg, these are 
probably similar in origin to the “identical twins,” which are occasion- 
ally encountered among higher animals and man 

It has been found by Loeb that the separation of the first clea\'age- 
cells may be brought about in over ninety per cent of fertilizeil sea- 
urchin eggs, provided they are merely exposed, for some time after 
the first cell-division, to an artificial sea-w^ater differing from normal 
sea-water in the lack of any one of the constituents Sodium, Potassium 
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or Calcium. This dmnge in the composition of the surrounding saline 
medium apparently so alters the consistency of the surfaces of the 
deavage-cells that they no longer adhere to one another. It may be 
noted that as the fertilization membrane still surrounds both of the 
deavage-cells and the composition of the external saline mixture can 
nevertheless affect the surfaces of the eggs, the fertilization membrane 
must be freely permeable for inorganic salts, although, as we have 
seen, it is not permeable for colloids. 

The two embryos develop side by side within the fertilization- 
membrane and form swimming blastulse. At the usual time the 
membrane bursts and sets the free-swimming embryos at liberty. They 
are smaller than normal embryos of the same age but otherwise differ 
in no resjiect from embryos whidi arise in the usual way. 

The opposite phenomenon, that of fusion of two egg-cells, may also 
be brought about in a certain percentage of cases by treatment of the 
eggs wiA alkaline sesr-water. This results in the production of gigantic 
embryos. Even at later stages of development similar fusions may be 
made to occur. Thus, Stockard has found that fusion of the cells 
which subsequently give rise to the eyes of a fish embryo, Funduhis 
heterodiius, may be caused by immersing the embryos at a certain stage 
of their development in sea-water containing an excess of Magnesium. 
The effect of this is to cause the development of fishes provided only 
with a single cyclopean eye. The origin of these and other like phe- 
nomena is to be sought in the influence which the composition of the 
surroxmding medium exerts upon the consistency of the protein and 
lipoid emulsions within and at the surfaces of the cells. 

REFERENCES 

Gbnbral 

Haroey Science, N S , 1909, 30, p 694 Joui Exp Zool , 1910, 8, p 855 Biol, 
Bull , 1909-10, 18, p 269 (consult for liteiature), 1914, 27, p 237 
McClendon: Science, N S , 1910, 32, pp. 122 and 317 
Lnlhe, F R Jour. Exp. Zobl., 1913, 14, p. 515. 

hoeb* Arti cial Parthenogenesis and Fertilization, Chicago, 1913 Tho < >xgaiL- 
ism as a Whole, New York, 1916. 

Godlewshi Physiologie der Zeugung, in Wintorstoin’s Handbuch <k*r Voigltu chon- 
den Physiologic, Jena, 1914, Ft. 2, 3, p 457. 

Lithe^ R, 8, Jour. Biol. Chem., 1914, 17, p. 121. 

CYTOIiYTIG AND MbMBRANB-FOBMING AoBNT IN BlOOD: 

Z/oe&, J University of California Pubs in Physiol , 1907, 3, p 57 Pdugci’s 
Arch., 1908, 124, p 37. Arch, f Entwicklungsmech , 1010, Pt 2, 30, p 44 
Moore. University of California Pubs m Physiol., 1912, 4, p. 91 
Rohertaon Arch. f. Entwicklungsmechan , 1912-13, 36, p. 64, 1913, 37, p. 29 
Jour. Biol. Chem , 1912, 12, p. 163 
Clark Ibid , 1918, 36. p. 253 
Synthbsis of NuenEAR Matebiaii: 

Meischer Histochemische und Physiologische Arbeiten, Leipzig, 1897 
Loeh* Proc 7th Int Zool Congress in Boston, 1907, Biol Centr , 1910, 30, p 437 
Godlew8k%. Arch f Entwicklungsmech , 1908, 26, p. 278 
Phmmer and ScoU Trans. Chem Soo., London, 1908, 93, p 1700. 

Conkhn Jour. Exp Zobl., 1912, 12, p 1 

Robertson and Wasteneys Archiv. fur Entwicklungsmech., 1913, 37, p. 485. 
Warburg, Zeitschr. f. physiol. Chem , 1910, 66, 306, Ergeb. d. physiol., 1914, 14, 
253. 



REFERENCES 


527 


S7Ml!HXiSIS OF NlTCIiEAB MaTBRIAIi. 

Loeb and WoLsteneys: Biochem. Zeit., 1911, 37» 410. Jour. Biol. Chem.» 1915, 21, 
153. 

Miicallum: Brgeb d. physiol., 1907, 7, 552. 

Tangl and von Mttueh* Aroh. f. d. ses. Physiol., 1908, 121, 437. 

Osterhota.' Science, N. S , 1917, 46, 367. 

Paul and Sharpe, Biochem. Jour., 1919, 13, 487. 

Chbmigai, Mechanics of Cjbxj^-diviszon': 

Robertson’ Arch. f. Bntwioklungsmech., 1909, 27, p. 29; 1911, 32, p. 308, 1912- 
13, p. 692. 

McClendon: Am. Jour. Ph 3 rBiol., 1910, 27, p. 240. Arch. f. Entwieklungsmech , 
1912, 34, p. 263. 

FOBMATIOZr OF T-WINB AND MoNBTBOSITSFS: 

Stockard’ Jour. Exp. Zo5l., 1907, 4, p. 165; 1909, 6, p. 286. Am. Jour. Anat., 
1910, 10, p. 369. 

Lod>: Arch. f. EniwiddunfiEsmech., 1909, 27, p. 119. Biol. Bull., 1905, 29, p. 50. 
McClendon: Am Jour. Phyuiol., 1911—12, 29, p. 289. 

ChUd: Jour. Eaqp. Zodl., 1921, 33, 409. 



CHAPTER XX. 


PROCESSES INTERRED FROM INDIRECT OBSERVATION: 

GROWTH. 

GEl^RAL CHARACTERISTICS OF THE GROWTH-PROCESS. 

Regarded from the chemical point of view the growth of animals 
consists, essentially, in the transformation of simple, unorganized 
FoodstufiSi such as water, the inorganic salts, fats, carbohydrates, 
amino-acids, and so forth into new chemical entities which, collec- 
tively regarded, form the organized protoplasm of the animal tissues. 
Growth, therefore, involves the synthesis of a variety of chemical 
compounds in due proportion and succession to one another. 

This process obviously does not take place with uniform velocity 
throughout life. It is not at all unusual, for example, for an infant to 
grow, during the first months succeeding birth, at the rate of two 
pounds per month. Were this rate of growth maintained, then at 
twenty years of age we would weigh in the neighborhood of five 
hundred pounds. 

Nevertheless the process of growth is not one which undergoes a 
uniform retardation, diminishing in velocity by a uniform proportion 
per annum. On the contrary, the growth of children and of animals 
takes place in spurts, separated more or less distinctly from one 
another by periods of relatively languid growth. Thus the rate of 
growth in utero during the first half of gestation is so slow that prior 
to this period the weight of the human fetus is inappreciable in com- 
parison with that of the mother. This period of slow growth is suc- 
ceeded by the extraordinarily rapid accretion of tissue which t^harac- 
terizes development during the months immediately prior to and 
succeeding delivery. A definite slackening of growth occurs, however, 
toward the end of the first year of extrauterine life, and this slowing 
down of growth is not an artefact, dependent upon weaning, since it 
occurs just as strikingly in bottle-fed infants. This resting period is 
succeeded by the relatively rapid growth of the third, fourth and fifth 
years- Another pause or slackening of growth succeeds this, to be 
followed by the energetic growth which accompanies adolescence. 

The grgwth of man, therefore, consists of periods of rapid and slow 
growth which alternate with one another, and if we plot the growth in 
any dimension, for example the growth in weight on coordinate paper, 
so that the weights are measured vertically and ages horizontally, we 
obtain a diagrammatic picture of the growth-process which is not a 
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straight line, nor even a single curvilinear sweep, like the outline of a 
parabola or of the logarithmic curve which represents the progress of 
the ordinary type of chemical reaction. On the contrary, our diagram 
reveals distinct waves or large oscillations in the growth-process and 
resembles, as a matter of fact, the diagram which may be obtained by 
superimposing three S-shaped curves upon one another in such a 
manner that their adjacent extremities merge into one another. 

These waves or oscillations, or ^'Growth-cycles,” as we may term' 
them, are not accidental. They are easily distinguishable from the 
relatively slight irregularities or fluctuations of growth which every 
individual child or animal will display more or less frequently during 
its development. They are distinguishable from such accidental 
fluctuations because they occur at very nearly the same places in the 
growth-curve of every normal child, and in the average growth-diagram 
constructed from the data supplied by a large number of individuals 
these large oscillations reveal themselves very distinctly, while the 
accidental and individual fluctuations cancel out and disappear in the 
average diagram, because, in the long run, if we take a suflScient number 
and variety of individuals into account, just as many of these accidental 
fluctuations will be positive (£. e., sup>ernormal in weight) as negative 
(z. e y subnormal in weight). But the large fluctuations, or growtb- 
c;vxies, remain unaffected in magnitude and position, and only appear 
more definitely in the diagram the greater the number of individuals 
which we measure or weigh. 

In the Growth of Man there are, in all, three distinguishable growth- 
cycles wiiich are superimposed upon one another. Each cycle begins 
with a period of relatively slow growth, follow'ed by a period of \ery 
rapid grow’th, and culminating, with the termination of the cycle, in a 
period of slackening growth again. In the case of the first tw’o c\'cle& 
this slackening of grow’th is followed by the fresh spurt or acceleration 
tlue to the succeeding cycle. In the case of the third or ad<»le'^cent 
cycle of growth, the period of slackened grow tli- velocity iiiNeii'^ibK 
merges into the period of relativeh stationary development which we 
recognize as the adult condition. This dev'elopmental sta'^is may he 
interrupted, however, by' the repair incident to the replacement of 
tissue which has been injured or destroy'd!, w'hile ev'cn in the absence 
of such Regenerative Growth a vigorous and abnormal growth may 
occur, the grow'th, namely', of Malignant Tumors, w'hicli we may poN->ibl\ 
interpret as constituting the superposition of a fourth, and pliy sio- 
logically' abnormal cy'cle of grow'th, upon the third and normally' final 
cy'cle in the dev'elopment of man. 

Not only' the grow'th of man, but also the grow'th of every' mammal 
w'hich as y'et has been carefully' inv'estigated appears to consist i>f 
three more or less easily' distinguishable cycles of grow th. The grow'th 
of the Guinea-pig at first ap|>eared to consist of only' tw'o difficultly' 
distinguishable cycles, but the investigations of Read have show'n that 
in this mammal the ffist growth-cy'cle is actually completed in utero, 
34 
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instead of being interrupted when half-completed by birth, as it is in 
human beings. Corresponding to this we find that guinea-pigs are 
bom at a much more advanced stage of development than man or the 
rat or mouse; their eyes are open, they have a full coat of hair, are able 
to choose and eat their own food and may be weaned altogether within 
a few days after delivery. The very general occuircnre of three growth- 
cycles in mammalian development renders very inviting the supposi- 
tion that they are referable to the existence of three Embryonic Layers, 
from one or other of which all the tissues of the adult are ultimately 
derived, but for this hypothesis there are as yet lacking the necessary 
experimental and anatomical proofs. 

In the accompanying figure (Kg. 35) are compared the growth- 
diagrams of human males of British birth and parentage and of male 



Fig 35 — Growth of human ninlcB (Con- Growth of inulo white iiiico 

btiucted from the data obtained by the British 
Authropomotiic Committee ) 


white mice. The resemblance between the two curves, allowiiij^ for 
the difference of the time-units employed, is of a very striking? cliaractcr. 
The only notable difference lies in the relatively marked delay of tlie 
third, or adolescent growth-cycle in man as compared with the mouse, 
the possible origin of which will be discussed subsequently. 

These Growth-cycles, so definitely situated in the curve of growth, 
and so invariable in their occurrence that they may be clearly recog- 
nized in the growth of mice no less than in the growth of man, must 
have some very definite physiological significance, and since, as we have 
seen, growth is essentially a chemical process resulting in the syntliesis 
of living tissue from inanimate materials, these growth-cycles must 
have a chemical, no less than a physiological significance. The general 
similarity of the fundamental phenomena of growth in all living forms 
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is strikingly revealed by the fact that the curves of growth obtained in 
Plants and even in the multiplication of Bacteria are essentially similar 
in character to those obtained in animals. As a rule, however, the 
growth of a plant or of a colony of bacteria displays evidence of only a 
single growth-cycle. 

These growth-cycles are all alike in that they consist each of a period 
of slow growth, followed by a period of relatively rapid ^O’s^ which, 
in turn, is succeeded by a period of slow growth, culminating in the 
attainment of the TnaTrimiiTn dimensions attributable to the cycle. 
Usually the curve stressing any one cycle is symmetrical, that is, the 
latter half of the cycle, during which tie rate of growth is decreasing, 
and which we may term the Autostatic Phase, reproduce inversely the 
first half of the cycle, during which the rate of growth is progressively 




Fiu 30 — C’oiupari'soii of the fur\e uf growth of the white rat icoitetructed fr<»m data 
collected by Doiiald&on; with chemical reaction cur\e& 

increasing, and which we may term the Autokinetic Phase. Thus, if we 
imagine the S-curs'e to be turned about its center through an angle of 
180°, the resultant curve w'ould be indistinguishable from the original 
curve. The number of instances in which a cycle of growth has l^n 
defined with quantitative exactitude is, however, not as yet suflficient 
to enable us to afiSrm that this symmetry- is an invariable eharacterisrie. 
We have, then, in each growth-cycle considered by itself a chemical 
process w'hich begins relatively slowly, increases progressively in 
velocity intil it is about half-completed, and then slows off to its ter- 
mination. The inquirj' now immediately presents itself whether any 
chemical processes of this general character are knowTi to occur else- 
where tlinn in the building up of tissue by a growing plant or animal? 
As a matter of fact, chemical transformations of this character are 
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abundant and they are those in which one or more of the products 
catalyzes the further progress of the reaction. We have already in 
preceding chapters had occasion to dwell upon a number of chemical 
phenomena which occur in living tissues and elsewhere which belong to 
this category; it will merely be necessary therefore to refer in passing 
to the analogies afforded by the hydrolysis of castor-oil in the seeds of 
Ricinus, the hydrolysis of cane-sugar by boiling neutral water, the 
decomposition of methyl acetate by water, the oxidation of metals and 
of a variety of organic materials, and the chemical transformations 
which accompany and underlie the performance of muscular work. In 
all of these various processes one or more of the products of the reaction 
is endowed with the property of facilitating the further progress of the 
reaction. Such transformations are designated Autocatalyzed Reac- 
tions (Fig. 36). 

The fact that each growth-cycle begins slowly and progressively 
increases in velocity until the moment of maximal growth-velocity is 
attained at the center of the cycle is suflScient in itself to show that the 
process of growth is autocatalyzed, whatever the mechanism of the 
self-acceleration may be. The resemblance of the process of growth 
to the transformations in an autocatalyzed reaction is not merely 
superficial, however, but extends even to quantitative details. 

It will be recollected that the relationship between the extent of 
transformation and the time in an ordinary Monomolecular Chemical 
Reaction is expressed by the equation : 

Velocity — k(a — x) 

where “a— is the amount of the original material which is as yet 
untransformed and “k’’ is a constant, specific for the particular reac- 
tion under consideration The effect of catalyzers upon siicli a reaction 
is to multiply the value of “k” by a quantity which is proportional 
to the amount of catalyzer present. Now in an autocatalyzed reaction 
the amount of catalyzer which is present is proportional to the mass of 
the product of the reaction, that is, to The equation for an 

Autocatalyzed Monomolecular Reaction becomes, therefore: 

Velocity = kx(a — x) 
which, when integrated, yields the equation: 

logic — - — ka(t — ti) 

a — X 

where t is the time from the beginning of the measurements and ti is 
the time at which the reaction is half-completed, i. e., the center of the 
autocatalytic curve. 

The applicability of this equation to the growth in numbers of 
Bacteria in a limited quantity of culture medium has been established 
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by McKendrick. It is, however, not less applicable to the relatively 
complex phenomena of Hximan Orowth. The juvenile and adolescent 
cydes of growth in man axe dosely interfused, so that their separation 
into individual cycles is a difficult and uncertain matter. The infantile 
cyde, however, is rather definitely separated from the remainder of 
the human growth curve by a long period or “plateau” of relativdy 
slow growth. The Lifantile Growth-cycle, therefore, at any rate for 
the first t^ months succeeding birth, presents the rdatively uncom- 
plicated characteristics of a single cycle of growth to which the above 
equations may be applied. In the following comparisons of the 
theoretical values calculated from the equation 

logio — - — ** ka(t — ti) 

a — X 

with the average values actually obtained from weighings of large 
numbers of infants, the constants “a,^^ "k” and " t'^ are calculated from 
all of the observations by the "method of least squares.” In this way, 
for example, we find that the growth of British male infants born in 
South Australia during the first nine minths succeeding delivery is 
expressed by the formula 


loRiQ = O 136(t — l 66) 

time being reckoned in months from birth and weights in ounces avoir- 
dupois. In the following table the observed weights at the various 
ages are compared with those calculated from this formula 

SOUTH AUSTRALIAN MALES. 


Weight in ounces 

Age of infant ^ 


in months 

Observ eti 

Calculated 

0 

1J7 

127 

1 

loo 

15G 

2 

187 

180 

3 

:iU6 

200 

4 

2J4 

230 

5 

254 

254 

b 

270 

273 

7 

287 

288 

8 

300 

301 

9 

311 

311 


The equation to the cur\'e of growth for the first nine months of the 
extrauterine life of South Australian females is found to be. 

108“ ° — 2 47) 

350 — X 

and in the following table the observed weights at various ages are 
compared with those calculated from the formula: 
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SOUTH AUSTRALIAN FEMALES. 


Age m infant 

Weight in ounces 

Observed 

S 

m months 

Calculated. 

0 

121 

121 

1 

153 

142 

2 

168 

164 

3 

188 

187 

4 

209 

209 

5 

224 

230 

6 

253 

249 

7 

263 

267 

8 

270 

282 

9 

300 

295 


A similar comparison follows for British infants bom in England: 
Hie equation to the infantile growth-cycle during the first nine months 
in males is represented by the formula: 

logto = 0 127(t — 1 46) 

BRITISH MALES. 


Weight in niinocs 

Age of infant * 


in months 

Observed 

Culculatei 

1 

147 

148 

2 

169 

171 

3 

194 

194 

4 

219 

216 

5 

234 

235 

6 

252 

252 

7 

269 

260 

8 

270 

277 

9 

283 

287 


The equation for the same period in females is represente<l by: 

logio - 0 106(t — 1 54) 

Ol2 X 

BRITISH FEMALES. 


Age of infant 
m months 

Weight in 

ounces 

( )bser veil 

(\ileul.it ed 

1 

143 

140 

2 

160 

105 

3 

180 

184 

4 

202 

202 

5 

218 

218 

G 

235 

233 

7 

253 

247 

8 

258 

259 

9 

265 

269 


In all cases it will be seen that the agreement between the observed 
and the calculated weights is extremely close; in fact, such consonance 
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between the quantitative estimations is not frequently obtained even in 
experiments conducted in laboratory-glassware. Brody and Ragsdale 
have carried out a similar comparison in the case of the extrauterine 
growth of the Dairy Cow, and their results also reveal extremely close 
agreement between the expectations of the theory and the actual 
weighings. The formula has also been applied to the growth of annual 
plants {Helianthis; Reed and Holland) with equally satisfactory 
approximation of the theory to the experimental results. 

In any case, and quite apart from the applicability of precise 
mathematical formulations, it is suflGiciently evident that the process 
of growth is autocatalyzed, that is, that it develops accelerative agents 
as it proceeds. This being the case, the question immediately presents 
itself, why the process of growth, since it is self-accelerated, ever comes 
to a stop. In other words. Why do plants and animals not grow with 
ever-increasing velocity to dimensions indefinitely great? 

This question will be discussed in detail in a later section, but before 
proceeding further it is necessary to recall the fact that a chemical 
reaction may be brought to a stop in either of two ways, namely, by 
exhaustion of the substrate, or material undergoing transformation 
(in this instance the aggregate of foodstuffs), or, on the other hand, by 
the accumulation of the products of the reaction, resulting in the 
acceleration of the reverse reaction to the point of equality of its velocity 
with that of the forward reaction. 

In the above derivation of the formula of autocatalysis, regard was 
paid only to the forward reaction It may readily be extended to 
include the consequences of the reverse reaction in the manner about 
to be described, assuming that, as usual in autocatalyzed reactions, the 
catalyzer accelerates the reverse reaction to precisely the same degree 
that it accelerates the forward reaction. 

If the reverse reaction also concerns but one species of molecule 
(to the concentration of which, as a product of the reaction, the cata- 
lyzer is proportional) then we have for the forward reaction: 

dx 

= kix Ca — x) 
dt 

and for the reverse reaction : 


so that the rate of change at any moment is given by the algebraic sum 
of these opposed processes, namely: 

dx 

— kix (a — x) — k2X* 

dt 

where ki is the velocity-constant of the forward reaction and k2 is the 
velocity-constant of the reverse reaction, a is proportional to the initial 
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concentration of substrates (the nutrient level^O and x is the amount 
of these substrates which has been consumed in growth at time t and 
is therefore proportional to the growth which has occurred. This 
equation may be rearranged as follows : 


dx 

dt 


(ki + ka) X 


"ki 


_ki 

+ ka 


a 


which, when integrated, yields: 


x) 


where 



kia(t — ti) 


A 


ki 

ki -h ka"' 


Thus the extended formula is indistinguishable from the formula 
which defines the progress of the forward reaction without reference to 
the retarding effect of the reverse reaction, the only difference between 
the two residing in the diminished magnitude of the maximal attainable 
mass of the product at equilibrium ( — A ) in comparison with its value 
in the unretarded reaction. The value of A, in the growth of an 
organism, is the maximum degree of growth attainable in the growth- 
cycle, and is therefore accessible to measurement. The value of a, 
however, which would be the maximum of growth attainable if tlu‘ 
reaction of protoplasmic synthesis were not subject to retardation by 
its simultaneous reversion, is not similarly accessible to measurement. 
It may be expected to bear a proportion to the prevailing abundance 
of nutrients available to the cells forming the organism ( the ^‘nutrient 
level"") j and if any one essential ingredient of protoplasm, such as an 
amino-acid, chances to be relatively deficient in the dietary, the value 
of a may be expected to stand in a fixed proportion to the mean avail- 
able quantity of this limiting factor. But we are as yet not in a jiosi- 
tion to evaluate these proportionality-ratios, and in the absence of 
such quantitative information the absolute value of a must necessarily 
remain unknown- Hence, since we cannot ascertain to what extent 
A, in any growth-cycle, differs from a, we obviously cannot as(*ertain 
in any given ease whether or not it differs from a at all. In other words 
it is at present impossible, by the mere inspection of the time-relations 
of a growth-cycle, to ascertain whether the ultimate cessation of 
grow’th is due, primarily, to the exhaustion of food-materials or, on the 
contrary, to the retarding effect of the accumulation of the products of 
growth. 


THE PRINCIPLE OF THE MASTER-REACTION. 

Even in such complex Metazoa as Man, we have seen that the process 
of growth in any individual growth-cycle is determined and governed 
by the simple law which is characteristic of an Autocatalyzed Mono- 
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molecular Reactioii. It will at once occur to the reader, however, that 
the process of growth, taken as a whole, cannot possibly be of this 
simplicity, for in the construction of the simplest of the multitudinous 
constituents of tissues a variety of parallel and successive chemical 
reactions must as a rule contribute to the result. The diversity of 
interdependent chemical phenomena involved in the building up of an 
organism so complicated as ourselves must be almost unimaginably 
great. How, then, can a reaction-formula characteristic of a single and 
uncomplicated transformation, peculiar only in producing its own 
catalyzer, apply to the quantitative outcome of such a bewildering 
tissue of chemical events? 

Two considerations, however, supply a very evident avenue of 
escape from this dilemma. The first is the fact that in any system of 
interdependent chemical transformations the slowest reaction in the 
series governs the velocity of the whole. On the hither side of the slowest 
reaction all the raw materials for subsequent processes must accumu- 
late and await the elaboration of the products which they utilize, while 
on the far side of the slowest reaction the subsequent processes are 
retarded to its pace by the consumption of their substrates- The 
slowest reaction in any chain of chemical processes is the Master-reaction 
which determines from moment to moment the quantitative relation 
of the product to the time which is consumed in its elaboration. In 
the same way, in a factory, the slowest of the diverse operations deter- 
mines the daily output of the finished product. If raw materials are 
brought up to the factory too quickly, they must accumulate or be 
otherwise <lisposed of until this slowest operation can perform its part 
in their transformation. If, on the other hand, the subsequent dis- 
posal of the produce of this slowest operation is too rapid the whole of 
the machinery involved in this latter part of the process of manufacture 
nlust stand idle until the slowest operation has provided fresh material. 
Now in the complex of events which constitutes growth not a single 
significant transformation is indeF>en<ient of the rest, each iiiU'^t 
evidently use some product of other transformations and contribute 
some product to yet another series of processes. We can therefore 
understand how the whole phenomenon, notwithstanding its complexity 
and the multiplicity of the chemical reactions involve<l in it, may ne\er- 
theless be governed, as to its quantitative outcome, h.v the rate at 
which a single reaction occurs. This reaction, as we have seen, is 
autocatalytic. 

We are thus led to inquire whether the gro\^i:h-diagram, which is so 
similar in form to the curve which represents the progress of an auto- 
catalyzed chemical reaction, may' properly' be regarded as establishing 
the existence of Catalyzers of Growth which are numbered among the 
products of the growth-process, or Endogenous Catalyzers, as Hopkins 
has termed them, and also the existence of Impedmg Factors, attrib- 
utable either to the exhaustion of an essential constituent of the reac- 
tion, or to the accumulation of grow'th-products. 
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The problem becomes somewhat clearer when we consider the simple 
case of Bacteria, growing in a limited amount of a given culture-medium. 
In this case, as McKeudrick has shown, precisely analogous phenomena 
are exhibited to those wluch characterize the growth of higher organ- 
isms. The growth of the bacterial culture, measxired by the total 
mass or number of bacteria produced at ^ven time-intervals, is at 
first extremely slow; it increases in velocity, however, and at first 
almost in proportion to the number of bacteria produced. At a later 
stage gro\i^ is impeded and finally comes to a standstill when the 
density of the population of the culture-medium has attained a certain 
maximiuu. 

These phenomena are interpreted by McKendiick in the following 
maimer: Each bacterium is capable of giving rise to a certain number 
of daughter-cells in a certain interval of time under constant nutritive 
conditions. This potentiality is transmitted to its offspring, so that 
were the nutritive constituents of the culture-medium ine^austible, 
the velocity of reproduction would always be proportionate to the 
number of bacteria previously produced, or, in other words, the density 
of the bacterial population would increase in geometrical, while the 
time increased in arithmetical progression. In practice, however, the 
ability of the culture-medium to supply nutritive materials to the 
bacteria is limited, and the rate of multiplication is slowed. McKen- 
drick infers, therefore, that the rate of multiplication is proportional to 
two factors; in the first place to the number of bacteria previously 
produced, and in the second to the concentration of the still-available 
foodstuffs. This leads to the equation: 

dx 

- - k^(a - X) 

where "x” is the number of bacteria per unit-volume, “a— x” is pro- 
portional to the concentration of available nutrients and "‘k” is a 
constant proportionality-factor. Integration of this differential equa- 
tion leads to the relationship 

ti) 

a — X 

where “x” is the number of bacteria per unit-volume, a is the maximal 
density of population which is attainable in a given culture medium, 
“k” is a constemt proportionality-factor and ti is the time at which 
the density of the bacterial population has attained half its maximum.^ 

The relationship between the number or mass of bacteria produced 
and the time of incubation which is expressed in these equations is, 
however, identical with that which expresses the relationship between 
weight and age in any given growth-cycle of an animal or plant. It is 

* I have Bhghtly, but imesseiitially, modified MeKendnck’s formulation of this rela- 
tionahip m order to make clearer the analogies which follow. 
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also identical with the relationship between the mass of the products 
and the time in autocatalyzed chemical reactions^ such as the hydroly- 
sis of Methyl Acetate. The question therefore presents itself whether 
the process of growth in a multicellular organism such as a mammal is 
comparable to an autocatalyzed chemical reaction, or whether McKen- 
drick’s interpretation of the growth-curve of a bacterial population does 
not offer an alternative explanation of the facts. In other words two 
alternative possibilities would appear to exist: The one that the accel- 
erative factor in growth is a chemical substance, as it is in autocatalyzed 
chemical reactions, the other that it is simply due to the multiplication 
of cells, each of which is possessed of like potentialities of reproduction. 

On closer analysis it will be seen, however, that these interpretations, 
at first sight alternative, are in reality identical. 

Reverting to the case afforded by ihe multiplication of bacteria in a 
limited amount of culture-medium, and looking to the beginning and 
end of the process, we see that the increase in bacterial population 
means essentially that the simple, unorganized constituents of the 
culture-medium have been transformed into the substances composing 
the bacteria. Any acceleration experienced by the process must 
ultimately be due to the preceding synthesis, irresjjective of the fact 
that the synthesis takes place in a heterogeneous system, i. e., in the 
separate particulate masses which form the individual bacteria. When 
we say that each bacterium has a like potentiality of reproduction we 
clearly express the fact that the synthesis of bacterial cell-substances 
which results in the production of a cell is a favoring condition for the 
production of new cells, in other words, that some substance or sub- 
stances comprising the bacterium accelerate the production of new 
masses of bacterial substance. In ultimate terms, therefore, the two 
interpretations of the phenomenon are identical, the only essential 
difference between the more familiar cases of autocatalysis, such as the 
hydrolysis of methyl acetate, and the process of cell-multiplication, 
being the fact that in the latter process the reaction takes place in a 
heterogeneous chemical system, t. e., within the particulate masses 
comprising the cells. Yet the fact that a chemical reaction takes place 
in a heterogeneous medium does not imply that it is discontinuous. 
The production of calcium sulphate from a mixture of calcium hydrate 
and sulphuric acid is a continuous process despite the fact that the 
product is divided into particulate masses, which in this instance are 
crystals On the other hand instances of autocatalysis in hetero- 
geneous systems are abundant in chemical literature, the oxidation of 
metals in contact with air being a familiar illustration of a group of 
autocatalyzed reactions of this type. 

The Accelerative Factor in the process of growth is, therefore, a 
chemical substance or substances, or a chemical condition, which is 
strictly analogous to the accelerative factor in less complex auto- 
catalyzed phenomena. The autocatalj’tic character of the growth- 
process follows of necessity, in fact, from the fundamental characteristic 



540 PROCESSES INFERRED FROM INDIRECT OBSERVATION 


which, more than any other, distinguishes living from non-living mate- 
rial, namely, its potentiality of unlimited reprod iicUon . When we assert 
that living cells all possess like potentiality of reproduction we merely 
state in morphological terminology that the production of living matter 
is a self-sustained or autocatalyzed phenomenon. Just as the produc- 
tion of living from inanimate matter is essentially a chemical process, 
so the acceleration of its production which is consequent upon the multi- 
plication of the particulate resultants of the process is, when viewed 
from the chemical standpoint, evidence that substances are produced 
in the creation of living matter which have the essential property of 
catalyzing its further manufacture. Hegarding the possible nature of 
these endogenous catalyzers, we shall have something to say in a later 
part of this chapter. 

It remains to consider what may be the probable nature of the 
Inliibitive Factor which ultimately brings the process of growth to a 
standstill, which sets a limit to the normal dimensions of any given 
species of animal, and which predominates over the accelerative factor 
during the latter half of each growth-cycle. In the simpler instances 
of autocatalysis, as we have seen, the inhibitive factor may be, either 
the exhaustion of the materials undergoing transformation, or, on the 
other hand, the accumulation and consequent “back-pressure” of the 
products of the reaction, or both of these factors may play a part in 
determining the magnitude of the inhibition. Either of these alter- 
natives would yield the time-relations expressed in the autocatalyzed 
reaction-formula, for the following reasons: 

In case the velocity of the reverse reaction is, at all stages of the 
transformation, negligible in comparison with that of the forwarti reac- 
tion, then the only inhibitive factor must be the exhaustion of the 
Substrate, or material undergoing transformation. The velocity of 
the process will be, as usual in chemical reactions, propt)rtional to the 
mass of untransformed material and also to the mass of the catalyzer, 
that is, in these instances, to the mass of the products of the reaction. 
Designating the mass of a product of the reaction at any moment by 
“x,” and by “a” the initial amount of the material undergoing trans- 
formation, this yields the relation : 

dx 

Velocity of transformation — — *= kx(a — x) 

dt 

which is the formula characteristic of an autocatalyzed reaction. 

Coming, now, to the case in which the velocity of the reverse reaction 
is so considerable as to be comparable with that of the forward reac- 
tion, we have seen that the formula which characterizes the progress 
of the reaction is indistinguishable from that which characterizes the 
progress of the unretarded reaction, since the two formulae differ only 
in the magnitude and meaning of the constants. This remains the 
case even if we assume that the materials undergoing transformation 
(or foodstuffs in growth) are inexhaustible, e., are constantly being 



PRINCIPLE OF THE MASTER-REACTION 


541 


renewed in the environment, so that the mass of material under- 
going transformation is a constant which we may designate by the 
symbol The velocity of the forward reaction will then be, as 

in the above instance, prop>ortionate to the mass of the catalyzer 
C = product of the reaction — and also to the constant mass of 
substrate, that is, to “ The velocity of the reverse reaction 
(breaking-down of the products of the reaction into the initial sub- 
stances again) will be proportional to the mass of the products ( = 
but also'to the mass of the catalyzer (= "x”), because in the majority 
of instances of “typical” catalysis the catalyzer accelerates both the 
forward and the reverse reactions in equal proportion. The velocity 
of the reverse reaction at any moment will therefore be proportionate 
to X®, and the net velocity of the process, being the difference between 
the velocities of the forward and the reverse reactions, will be given by: 

dx 

— » kixA — ksz* 

dt 

in which “ki” and “k2” are the velocity proportionality-factors of the 
forward and reverse reactions respectively. Rearranging the terms of 
the equation, this may be written: 



which is again identical w’ith the ordinary formula of autocatahsis, 
with the exception that the constant w’hich denotes the maximal attain- 
able value of “x” is now’ not the initial mass of material umlergoing 
transformation, but the initial mass multiplied by the constant ratio 
of the velocity-constants of the forw’ard and reverse reactions. 

In the case of the grow’th of Bacteria in a limited quantity of culture 
medium, McKendrick assumes that the inhibitive factor is siniplN the 
exhaustion of available foodstuffs, i c., that it correspomls to the first 
of the alternative possiliilities outlined above In the growth of 
animals, how’ever, it is difficult to see how’ the limited a\ ailabilit:|i of 
Foodstuffs could be a deciding factor in the inhibition of normal growth, 
because in the growth of the higher metazoa at all e\ents, the substrates 
or raw’ materials for the manufacture of protf>plasm do not actualK 
diminish at all, or at any rate to any important degree, w’hile growth 
proceeds. It must be recollected that the metlium in w’hich our cells 
actually live and grow’ is the lymph (or “ tissue-firnd”) which is con- 
stantly supplied and renew’ed from the blood. Xow’ the mechanisms 
of the body are, as w’e have seen, so devised that the composition of the 
blood is maintained in a condition of extraordinary uniformity. It is 
true that its content of the more particularly nutritional constituents 
fluctuates with the fluctuating absorption of nutrients from the alimen- 
tary canal, but these short-period fluctuations result in the long run in 
the maintenance of a remarkably steady flow of nutrient materials to 
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the tissues. The blood derives its nutrient constituents from the 
external environment and in fact contains them not merely in sufficient 
proportion to maintain an equilibrium of body-weight, but, even in 
adffit animals, in considerable excess of the necessary minimum, the 
destruction of this excess constituting the “Exogenous Metabolism” as 
contrasted with “Endogenous Metabolism,” or irreducible minimum of 
nutrient-consumption incident to the maintenance of life._ The medium 
in which our cells live, therefore, is under normal dietetic conditions a 
medium of almost constant composition and, for the purposes of tissue- 
sjmthesis, it is inexhaustible, since it is continually renewed. The 
Substrates of growth must therefore be regarded as being of constant 
concentration and the inhibiting factor of growth must be sought 
elsewhere ffian in the exhaustion of available nutrients. 

On the other hand, if a portion of the tissues of an adult animal be 
injured or destroyed, the process of growth inomediately recommences 
and is expressed in the phenomenon of Regeneration which , if mechanical 
factors do not impose an insuperable obstacle, continues until the 
complete restoration of the lost tissues has been accomplished. In 
other words, removal of the products of growth immediately reinaugu- 
rates the growth-process, just as the removal of the products of a 
“balanced” chemical reaction at equilibrium immediately reinitiates 
the forward reaction. We must infer, therefore, that in the growth of 
mammals, at least, it is the accumulation of the Products of Growth 
which normally inhibits the process and not the exhaustion of nutritive 
materials. In Plants the supply of nutritive materials to the cells is 
more fluctuating and dependent upon the environment^ and here wc 
may expect to And, and do actually find, a much more conspicuous jiart 
played by the supply of nutrients in determining the final attainable 
dimensions of the organism. Nevertheless plants of a given spcc-ics, 
even under the most favorable nutritional conditions, do nt)t exceed 
certain definable limits in their dimensions at maturity, and tliey 
display regeneration when portions of their tissues are removed. 
Even in the case of unicellular organisms growing in a limited supply of 
culture medium, there is evidence, as we shall see, wliich tends to show 
that in many cases the accumulation of tlie organisms or of their 
products actually sets the limit to their multiplication rather than the 
exhaustion of the nutrients in their culture medium 

We infer, therefore, that the process of growth is governed by a 
series (in mammals usually three) of autocatalyzed chemical reactions 
in which the factor which determines the retardation and ultimate 
equilibrium of the process is the accumulation of the products, i. e,, 
the growth itself. 

The constancy of the concentration of Growth-substrates in animals 
affords a further explanation of the extraordinary simplicity of the 
quantitative relationship between growth and time, which, as we have 
seen, so frequently obtains. The relationship in question is that which 
characterizes the progress of an autocatalyzed monomolecular reaction, 
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and even admitting t&e probability tiiat a single chemical transforma- 
tion may determine the speed and set the pace for the whole of the 
multitudinous variety of diemical processes involved in the growth of 
new protoplasm, yet it may seem strange that even tbis single reaction 
should be of so simple a character, more especially since, as the con- 
struction of protoplasm involves synthesis of large out of relatively 
small molecules, we would espect any reaction involved in growth to 
be mtdiimolecidar. Now this may actually be the case, even in the 
Masteiyreaction which determines the quantitative outcome of all the 
growth-processes, for if the concentration of the substrates of growth 
remains imdiminished by the growth which occurs, then any number 
of molecules of the substrates may participate in the synthesis which 
constitutes the governing reaction, without involving any departure 
of the relationship between the time and extent of growth from that 
which is expressed in the monomolecular autocatalytic formula. If 
“ n” molecules of the substrate combine to form one molecule of the 
product, then the velocity of the forward reaction will be given by: 


while that of the backward reaction will be given, as before, by 


dx 

dt 


ksx* 


hence the net effect, or actual grow'th, will be given by 


= kixA** — 
dt 


which, rearranging the terms, becomes 


dx 

dt 




which is again of the monomolecular form, save that the c<»nstant “A" 
in the formula is no longer proportional to the actual concentration 
of the substrates, but to the nth power of their concentration- That 
the backward reaction should be monomolecular is, of course, not a 
matter for surprise, since we may suppose that the majority of decom- 
positions which living tissue suffers consist in the interacticm of a single 
molecule of some protoplasmic constituent either with tvater or with 
ox^-gen, the concentration of both of w'hich substances is maintained 
automatically at an approximately constant level in the tissues. 

Thus the synthesis of a protein involves the interaction of many 
different amino-acid molecules, but its hydrolysis in dilute aqueous 
solution obeys the monomolecular formula, because only a single species 
of molecule, that of the protein itself, is undergoing appreciable change 
of mass or concentration in the process. 
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Summarizing the general characteristics of the growth-process we 
may therefore state: 

1. That the growth of man and of animals takes place in periods or 
cycles in which slow and rapid growth alternate, riirce of the cycles 
being usually appreciable in magnitude. 

2. Each of the growth-cycles is the expression of an underlying self- 
accelerated chemical process. 

3. The accelerating factor is some substance or group of substances 
produced during growth. 

4. The supply of nutriment capable of transformation into living 
tissues may, in normal animals, be regarded as constant and undiinin- 
ished by the process of growth itself - 

6. The inhibiting factor, which ultimately brings the growth in any 
given cycle to a standstill, is the accumulation of the products of growth. 

6. Removal of these products, as by local death or injury, or by 
general inanition, reinaugurates tlie process of growth, which continues 
until equilibrium is reattained. 

7. The whole of the diverse processes which in the aggregate con- 
stitute growth are governed and determined in rate and magnitude by 
the specifically slowest essential process. 

8. The forward reaction in the governing process may involve the 
interaction of many different molecules, but the reverse reaction 
appears, in many cases at least, to involve the decomposition of only 
a single species of molecule of variable mass or concentration. 

THE 1NFLT7ENCE OF RACE, SEX, AND ENVIRONMENT UPON 
THE GROWTH-PROCESS. 

The fact that the bodily dimensions of a given speedes of animal 
never exceed certain characteristic upper limits, no matter how favor- 
able the environmental conditions may be with respect to the abun- 
dance and variety of Nutrients, shows that the factors which inhibit the 
growi:!! in any given growth-cycle are primarily chara<‘teristic of the 
process itself and only in a minor degree dependent upon the dietary, 
provided it is in all respects sufficient. We have seen that the main 
inhibiting factor in growth arises from the accumulation of the iiroducts 
of growth and the enhanced rapidity of tissue-disintegration which 
ensues The characteristic dimensions of an animal, therefore, and 
the same, to a less striking degree, is doubtless true of a plant, arc 
determined mainly by the relative magnitude of the specific Velocity- 
constants of the forward and the opposed reactions. These are char- 
acteristic of the particular reactions which occur in a given race or 
sex, and are not influenced by the mere abundance or paucity of the 
dietary. 

That the bodily dimensions of an animal may be affected to a limited 
extent by the abundance of the Dietary is, however, a readily ascer- 
tainable fact. If the dietary be absolutely insufficient even to main- 
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tain bodily heat and the output of work, the tissues are called upon 
to supply the energy-requirements, the animal loses weight and may 
ultimately die of inanition, or of acute conditions supervening upon 
partial inanition. If the dietary insuflBcdency is less extreme than this, 
growth is nevertheless slowed, and the bodily dimensions attainable 
at maturity are smaller than is normal for the species. If, on the other 
hand, the diet is exceedingly abundant and other environmental 
conditions are exceptionally favorable, then the bodily dimensions 
at maturity may come to distinctly exceed the average, although the 
degree of supernormality which is attainable in this way is, of course, 
strictly limited. Mice, under no matter what favorable conditions of 
environment and abundance of food supplies, do not achieve the bodily 
dimensions of a guinea-pig or even of a rat. 

The supply of nutrients to the tissues is, as we have seen, determined 
primarily by the composition of the blood which, subject to short- 
period fluctuations, remains relatively constant throughout the 
growth and life of the animal. The Nutrient Level” or concentration 
of growth-substrates in the blood is maintained by a djTxamic equilib- 
rium w’hich involves a variety of factors. On the one hand we have the 
availability of Foodstuffs in the external environment and the ability 
of the digestive apparatus to disintegrate them and to absorb the 
products of their disintegration. On the other hand we have the rate 
of utilization by the tissues and the equilibrium between the storage- 
capacities of the tissues for the various classes of foodstuffs, for poly- 
saccharides, fats, and amino-acids, and the concentration of these 
substances or their products in the blood and tissue-fluids. The height 
of the nutrient reservoir in the blood is thus governed by a balance 
bet^veen a certain rate of iuflow and a certain rate of outflow. In 
addition to these factors, and in order to avoid an excessive accumula- 
tion of nutrient materials in the bIoo<l, an overflow is also pro\ided in 
the pheiioineiion of Exogenous Metabolism, or the destruction of food- 
stuffs which have not >et come to comprise living matter, a proce^^ 
which, in the case of the amino-acids at all events, forms a very large 
proportion of the total metabolism of a normally nourished animal 

If any of these several factors is decidetlly altered in magnitiule or 
velocity a more or less marked effect upon bodily eight will eiisue 
Thus if the rate of inflow be diminished be\oiid a certain p<»iiit 1)\ an 
insufEcient dietary the nutrient level sinks and growth is retanled, or, 
in the adult animal wdiich has attained grow'th-equilibriuin , the proceN'^ 
of growth may be reversed and loss of tissue occur. The extent of this 
reversion is strictly limited in the more complex forms of metazoa b\' 
the necessity of maintaining certain mechanical conditions the integ- 
rity of the skeleton, the functional ability of the digestive organs, the 
pulsation of the heart, the integrity of a closed vascular system, the 
coordinating activities of the nervous system and the continuance of 
respiratory movements. If any of these suffer in so complex an 
organization as our own the whole must fail and death ensue. But in 
35 
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some less complex fonns, as in the fresh-water worm Planaria, starva^ 
tion actually accomplishes Reversion of Growth until an earlier stage 
of development is regained. (Child.) 

If, on tie other hand, the rate of inflow of nutrients be maintained 
unaltered and ^e rate of ou^ow increased or diminished, the rate of 
accretion of tissue must obviously be affected to a proportionate degree. 

In normal cases, since the rate of outflow or consumption of nufrients 
for tissue-building purposes is determined by the relative magnitudes 
of the specific velocity-constants of upbuilding and disintegration, the 
rate of outflow will vary in different species and not improbably in the 
two sexes of the same species, and to a certain extent in different 
individuals. The environment, on the contrary, provided the inflow 
of nutrients is nna.-)cimal or at least sufficient, may be expected to play 
little if any part in determining the rate of outflow. 

The rate of overflow is also conditioned primarily by internal regula- 
tion, but we may observe the effects of its alteration, in so far as the 
nutrient-level of the amino-acids is concerned, by the pronounced effects 
of hyper- or hypoactivity of the Thyroid upon the development of the 
tissues. The administration of thyroid extract leads to a very decisive 
increase in the rate of Deaminization of amino-acids, and in normal 
adults who have attained growth-equilibrimn, this, which involves a 
fall of the nutrient-level, results in progressive loss of weight which 
may, if it affects essential tissues, result in dangerous or even fatal 
symptoms. The effects of hypoactivity are the opposite and the 
excessive accretions of tissue not being uniformly distributed, aberra- 
tions of growth occm which culminate in the condition of Myxedema. 
In amphibians excision of the thyroid, as Gudernatsch has very 
strikingly demonstrated, results in the arrest of Metamorphosis, possibly 
because the degeneration of certain tissues which is a necessary pre- 
cedent of metamorphosis cannot occm. 

In the autocatalytic formula as applied to tlie process of growth. 

X 

log « ka(t — ti) 

a — X 

the constant “ a” is proportional to some exponent of the concentration 
of gro^slh-substrates, 6., to the Nutrient-level. In any given species, 
therefore, we may expect to find that within certain limits its magnitude 
is afiected by the environment and especially by the abundance or 
paucity of the dietary. The constant “ on the contrary, is expressive 
of the specific velocity of the process of tissue-disintegration, charac- 
teristic of the species, probably of the sex, and peculiar even to a 
particular individual. Thus we may expect, in a given species, to find 
that its magnitude is unaffected by the environment, but dependent 
upon Sex and Race. We have seen that the autocatalytic formula 
applies to the first nine months of extra-uterine growth in infants and 
tlxat the values of “a’^ and “k” may be computed from all of the 
observed weights at the various ages chosen for the comparison of the 
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equation with the results of actual measurement. In the following 
table the values of ^"a"^ and “k” for British Infants born in England 
and in Australia respectively and for South-German infants bom in 
Frankfurt (from the data of Sdimidt-Monnard) are compared: 

COMPABISON OP THE EFFECTS OP RaCE AND ENVIRONMENT UPON THE 

Parameters op the Growth-curve. 


Race aad place of birtli 

Males, 
a (ounces) 

kxlO«. 

Females 
a (ounces). 

kxlO». 

British (bom in England) 

. 318 

399 

312 

340 

British (bom in Australia) 

341.5 

398 

350 

317 

South German .... 

. 315 

451 

290 

637 


It will be seen that the parameters or constants of the growth-curve 
of infants are affected in the sense indicated by the above discussion 
by the factors of sex, race and environment, ^^ile the value of ‘^a^^ 
is not greatly affected by sex or by dissimilarity of race, the values 
obtained in ^e similar environments of Frankfurt and London being 
very alike, it is greatly affected by dissimilarities in environment, as a 
comparison of the values of "a^^ in Australia and in Europe shows. On 
the other hand, “ k” is comparatively unaffected by environment, being 
practically identical for British males, whether born in Australia or in 
England, and very nearly the same for British females born in these two 
environments, w^hereas it is profoimdly affected in magnitude by sex 
and race, as indicated by the marked difference in the values of “k” 
for males and females and for South-German as compared with British 
infants. 

When it is remembered that these parameters have not been calcu- 
lated arbitrarily, but that they are computed by the method of least 
squares from all of the observ'ations, and therefore partake in some 
measure in the errors incident to the observations, it will be seen that 
the abo\ e data afford a very remarkable demonstration of the correct- 
ness of the view that growth is determined by an underlying auto- 
catalyzed chemical process. It is furthermore clear that the form of 
the curve of growth in normal infants is determined by two separate 
groups of factors. The one, analogous to the absolute mass of the 
reacting substances in a chemical reaction, being dependent upon the 
environment and probably largely influenced by the abundance or 
deficiency of the habitual dietary, 'while the other, analogous to the 
specific velocity of a chemical reaction, is relatively, if not absolutely , 
independent of environmental or nutritional conditions, and, being 
expressive of the nature of the growth-process itself as distinguished 
from the availability of the materials for grow-th, is distinctively modi- 
fied by race and sex 

THE REPRODUCTION OF UNICELLULAR ORGANISMS: THE 
ALLELOCATAL7TIC EFFECT, 

The problems presented by the multiplication of organisms which 
consist of a single cell would appear, at first sight, to be very much 
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simpler than those involved in the growth of the multicellular aggre- 
gates which compose the higher animals or plants. When a single cell 
which is capable of asexual reproduction is inoculated into a nutrient 
medium, after a longer or shorter period of delay, generally designated 
the “Lag-period,*’ reproduction commences and continues until a 
maximum density of population is attained, when, it has frequently 
been supposed, further multiplication ceases because the nutrient 
capacity of the medium has become exhausted, or suffices only to main- 
tain existence without permitting the excess of assimilation which is 
required for multiplication. 

As soon as we examine the phenomena in more detail, however, it 
becomes evident that no such simple interpretation will suffice. In the 
first place the multiplication of unicellular organisms in a limited 
volume of nutrient medium is autocatalyzed, just as the multiplication 
of cells in a higher animal or plant is autocatalyzed. Attention was 
first drawn to this fact by McKendrick, who studied the multiplication 
of bacteria inoculated into culture media, and we have seen that he 
sought to interpret it by supposing that each cell is alike in its inherent 
capacity for synthesizing new protoplasm. The number of centers 
of synthesis, and consequently the rate of synthesis, would thus 
obviously multiply in proportion to the number of cells, while at the 
same time the available substrates, L e., the food materials, would 
diminish in the same proportion. Evidently this mode of inter- 
pretation is quite consistent with, and in fact is an alternative method 
of expressing the view that cellular multiplication is autocatalyzed, 
7 . e., that it is a process which manufactures its own catalyzers, which, 
however, are conceived as being eridocellular, A similar view of the 
chemical mechanism underlying the growth of plants has been attrib- 
uted by Monnier to Chodat, the catalyzer being conceived either as 
the cell itself or some structure or essential constituent which is wholly 
resident within the cell. This conception of the origin of the auto- 
catalytic phenomena in growth does not suffice to interj^ret the whole 
of the facts, however, as the following considerations reveal - 

The multiplication of %njusor%a arising from a single individual in a 
limited volume of nutrient medium is, like the multiplication of 
bacteria, an autocatalyzed process. This is illustrated by the curves 
in Fig. 37, which collectively represent the first or “autokinetic’* phase 
of an autocatalytic reaction. As in the case of bacterial cultures, an 
isolated individual displays no reproductive tendency for a variable and 
frequently considerable period, the “lag-period.** Once cell division 
has occurred, however, succeeding cell divisions recur, not at equal, but 
at progressively abbreviated intervals, so that a culture arising from 
1 individual may contain in nineteen hours after isolation only 4 
individuals, four hours later 8 individuals, three hours after this 16 
individuals, and forty^ight hours after the original individual was 
isolated over 1000 individuals may be present in the culture- Thus 
in this instance the first twenty-four hours produced but 4 individuals, 
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and the succeeding twenty-four hours not merely four times as many, 
but 1000, or 260 times as many as were produced in the first twenty-four 
hours. Even if we subtract the lag-period,” or period preceding the 
first cell division, a progressive increase in the frequency of divisions 
may readily be observed in the early stages of multiplication in such 
cultures. 

The progressive abbreviation of the period which elapses between 
succeeding early divisions in infusorial cultures, shows that the products 
of multiplication do not at all times possess like capacity for reproduc- 
tion, as the theory of Chodat and McKendrick would imply, but that 
the capacity of the individual cells to reproduce (within a given period) 
increases up to a certain maximum with the population of the culture. 



Fio 37 — Shoving the autoaoeeleration of multiplieation-rate in culture& tiriMiig fiom 
hingle ibolated infusoria {Enchtlije, } 


The origin of the progressive enhancement of Reproductive Rate in in- 
fusorial cultures becomes very evident if we compare the reproductive 
rate in cultures arising from isolated individuals with the reproilucti\e 
rate which is exliibited in cultures arising from tw'o like individuals 
simultaneously isolated into the same volume of nutrient medium. 
The number of individuals produced in a given time (tw'enty-four to 
forty-eight hours according to the speed of multiplication) is not twice, 
but from four to sixteen times the number produced in the cultures 
arising from single individuals. In other words, the reproductive rate 
of each individual is enhanced by the neighborhood of the other. Now, 
while Conjugation is a normal event in infusorial cultures under certain 
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spedal conditions, continuous observation has shown that it does not 
occur in the cultures which exhibit this mutually accelerative effect, 
and, in fact, Jennings has shown that when conjugation does occur in 
cultures of infusoria, the reproductive rate of the conjugants is not 
enhanced, but, on the contrary, very decidedly diminished. The 
effect is not due to the simultaneous seeding of the culture fluid with 
a double “charge” of bacteria associated with the infusoria, because it 
is even more than usually marked in infusions which have been allowed 
to become populated with bacteria previously to the introduction of 
the infusoria and in which the bacterial popiilation is so dense that the 
bacteria introduced, together with the infusoria, must constitute a 
totally negligible fraction of the whole population. Hence the only 
possible inference that can be drawn from this phenomenon is that the 
infusoria discharge into the culture medium some substance which 
accelerates their own multiplication. We thus have evidence of the 
existence, not merely of an internal supply of autocatalyst, such as that 
contemplated in the hypotheses of Chodat and McKendrick, but also 
an external supply of catalyzer, which is communicated to the peri- 
cellular fluid by each of the cells which inhabit it. 

From this we would infer that the rate of reproduction of individuals 
confined to a small volume of culture medium should be greater than 
the rate of reproduction of like individuals isolated into larger volumes 
of culture medium. In the case of the ciliate infusorian Enchelys this 
is rmdoubtedly the case, the rate of reproduction being, in fact, almost 
exactly in inverse proportion to the volume of cultme fluid into which 
the individual is isolated. Moreover, if the culture fluid into which 
the infusorian is isolated exceeds a certain volume, usually about 1 cc, 
no division at all occurs and the individual so isolated eventually dies 
without reproducing itself. This phenomenon has also been observed 
by Peters in cultures of the ciliate infusorian Colpidium, and it is a fact 
familiar to those engaged in the cultivation of Teasts that the isolation 
of a single cell into too large a volume of culture fluid results in the 
death of the isolated cell, or at any rate a very great delay of its multi- 
plication. 

We must infer that some substance is dissipated by the cells into the 
surrounding medium and that the reproductive rate of infusoria is 
nearly proportional to its concentration. When this substance is too 
dilute, i. e., is dissipated into too large a volume of medium, then repro- 
duction becomes impossible. 

When a ciliate infusorian (Enchelys) has been isolated into freshly 
prepared hay infusion, or into distilled water to which a suitable 
reaction and osmotic pressure have been communicated by alkaline 
salts,^ the presence of an Autocatalyst of Cell Multiplication in the medium 

N 

^ Distilled water to which has be^ added one volume per hundred of a — mixture of 


monopotassium and disodium phosphates having a Ph of 7 7. 
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can be demonstrated, directly after the first cell division, by isolating 
one of the daughter-cells into a fresh medium. The reproductive rate 
of this reisolated cell is always much less than that of the cell which has 
been left undisturbed in its surrounding medium, and this is true even 
when the isolated cell has been transferred from a medium poor in 
foodstuffs, such as faintly alkalinized distilled water, to one which is 
comparatively rich in foodstuffs, sudh as freshly prepared hay infusion. 

Gl^s-distiUed water which has been rendered faintly alkaline by the 
addition of 1 cc of ^ of Na^COs solution per 100 cc, and which has 
been inhabited by multiplying infusoria for forty-eight hours, may be 
shown to contain an agent wMch accelerates the reproduction of infu- 
soria, in the following manner: 

The water is freed from infusoria by heating to 50® C. to immobilize 
them, followed by filtration through a double filter paper. The filtrate 
is then neutralize to cochineal indicator by the addition of hydro- 
chloric acid and evaporated on a boiling water-bath to one-half its 
original volume. A small precipitate of coagulated protein is removed 
by filtration, and the fluid, stored in flasks plugged with cotton, is 
boiled several times at intervals of two or three days to sterilize it. 
This fluid, when added to buffered'^ distilled water, or to freshly 
prepared hay infusion, greatly accelerates the reproductive rate of 
infusoria isolated into these media. 

For reasons which will be clear in the sequel, the phenomenon of 
lag,’’ taken together with the autocatalytic character of their multi- 
plication, indicates that bacteria, as well as infusoria, discharge into the 
surrounding medium a material capable of accelerating their own 
reproductive rate. It has also been shown by Bottomley and others 
that substances are produced by bacteria which are remarkably stimu- 
lative of plant growth. It has also been ascertained that a great 
variety of living tissues and preparations derived from living tissues, 
including Yeast itself, contain substances which are capable of stimu- 
lating, to a very noteworthy degree, the multiplicative rate of yeast. 

It is neither a very congenial nor a probable assumption to suppose 
that each of these accelerative substances is sp>ecific for the cells which 
produce it, and indifferent toward cells of other types or species. In 
fact, the experiments on yeast growth directly negative such a suppo- 
sition. At any rate they show that substances capable of accelerating 
the multiplication of yeast are produced by a very great diversit:^’ of 
living cells. It is, therefore, probable that we are here dealing wdth 
some imiversal process which underlies and determines the multiplica- 
tion of all types of cells, and to which the autocatalytic character of 
growth in widely divergent types of living matter is attributable. 

If compressed Yeast be immersed in ether in order to cytolyze the 
cells, and then dried on a water-bath and ground up to a fine powder 
in a mortar, the addition of a small proportion of this powder to fresh 
hay infusion, followed by boiling to ensure initial sterility of the 
mixtiure, greatly accelerates the reproductive rate of infusoria isolated 
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into it. Autolyzed yeast extract has a like effect. But if the yeast be 
thoroughly and repeatedly extracted with cold Acetone the residue is 
devoid of accelerative effect. We can hardly suppose that all soluble 
materials of a nutritive character have been removed from the yeast by 
this simple procedure, but the substance which is responsible for the 
accelerative effect obviously has been removed. 

The substance which is discharged by infusoria into alkalinized 
distilled water, and which induces acceleration of reproductive rate, 
resists, as we have seen, prolonged boiling in neutral solutions. The 
accelerative substances for the multiplication of yeast which occur in 
a variety of tissues are similarly thermostable. This quality, therefore, 
affords additional evidence of the identity or similarity of these sub- 
stances in all the various cells from which they originate. 

The autocatalytic character of reproduction in cultures of mfiisoria 
may thus be traced to the shedding of a catalyzer into the surrounding 
me^um, through the agency of which the cells are enabled to mutually 
facilitate each other’s reproduction. This mutual acceleration of the 
multiplicative rate of contiguous cells has been designated the “Allelo- 
catalytic Effect.” 


THE GROWTH OF INDIVIDnAL CELLS. 

We have seen that the reproduction of cells in a community is an 
autocatalyzed process, whether the community is differentiated into 
various types of cells, as in the higher plants or animals, or is merely an 
assemblage of similar cells, as in a culture of bacteria or infusoria, and 
we have, furthermore, found that the autoaccelcration i.s due in part 
to the shedding of an accelerative agent by the cells into tlie medium 
which bathes them. 

The question therefore presents itself whether the autoaccelcration 
in growth may not be wholly due to tliis external agent, or whether, 
on the contrary, the accelerative agent is partially retained within the 
cells. In the latter event we would expect the develojnnent of each 
individual cell to display the time-relations of an autocatalyzed 
reaction. 

It was pointed out by J. Loeb in 1900, and again in 1907, that the 
production of Nuclei in the early stages of embryonic development is 
essentially an autocatalyzed process, for, as he observes, since succes- 
sive cell divisions occur at approximately equal intervals of time and 
the total mass of nuclear material is thereby increased by a similar 
proportion at each division, it follows that the time-intervals of succes- 
sive cell divisions form an arithmetical series, while the volumes of 
nuclear material synthesized in each interval form a geometrical series. 
The simplest illustration of this phenomenon, because it is not compli- 
cated by differentiation, is probably afforded by the multiplication of 
infusoria arising by repeated divisions from a single individual. The 
production of nuclear material is thus not merely proportional to the 
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time which is consumed in its synthesis but also, in a variable ratio, 
to the amount already produced, that is, to the mass of the product. 

In certain instances, such as, for example, a colony of infusoria, the 
new nuclei produced by division are of approximately equal size at 
corresponding phases of the nuclear cycle, e. g., just after or just before 
cell division. In the early stages of the development of certain 
metazoa, as, for example, the sea-urchin, Strongylocentrotus, the nuclei 
which are successively produced are also equal to one anollier in size. 
In these instances, overlooking i>ossible concurrent changes of nuclear 
composition, the mass of nuclear material is approximately doubled at 
each nuclear division, i. e., at approximately equal intervals of time. 
In other instances, and these probably constitute the majority, the 
production of nuclear substances is not so rapid, so that in Crepidula, 
for example, Conklin finds that the actual increase of nuclear material, 
as estimated by the collective volume of the nuclei, is only about 9 per 
cent per division. Nevertheless, the fact remains that the production 
of nuclear material stands in a certain proportion to the amount of 
nuclear material already formed, whether the ratio be expressed by 
100 per cent, as in the early development of the sea-urchin, or only 
9 per cent, as in the early development of Crepidula and other forms 
investigated by Conklin. Moreover, in these latter instances a 
notable increase of nuclear density, due to diminution of the proportion 
of Nuclear Sap, renders the measurement of nuclear volume a far from 
complete estimate of the true increase of the mass of distinctively 
nuclear constituents. Thus the production of nuclear material, 
viewed as a whole, is accelerated by the nuclei already formed, or, in 
other words, is autocatalyzed. 

Not only collectively, however, but also within the individual cells, 
the production of nuclear material is distinctively autocatalyzed It 
has been shown by R. Hertwig that immediately after the collclu^ion 
of Cell Division a slight diminution of nuclear volume occurs/ which is 
succeeded by a slow an<l almost uniform rate of growth which is terme<l 
by Hertwig the “functional grow’th” of the nucleus. During thi^ 
phase of nuclear grow^th the cytoplasm gri>ws both abs<.)liitely and 
relatively more rapidly than the nucleus. This is succeeded In a phase 
of extremely rapid nuclear grow'th, termed by Hertw’ig “divisional 
growth,” during w’hich the nucleus increases in volume at a relatively 
greater speed than the cytoplasm. In this w’ay the ratio of niulear to 
cytoplasmic material, ^vhich obtained at the preceding tlivision, the 
*‘Kemplasma Eolation” of Hertwig, is regained and at this moment cell 
division normally recurs. 

All observers are agreed that the most rapid nuclear growth occurs 
shortly before Mitosis. The rate of Nuclear Growth therefore under- 
goes acceleration as it proceeds. The velocity of c}i:oplasmic grow th, 
on the contrary, is comparatively uniform. In the accompanying 


1 This shrinkage, however, does not occur in every instance. 
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diagram (Fig, 38), embodying the measurements of Popott*, the nmdear 
and eytoplasmic volumes at the moment of cell division are reduced to 
the gfiTnft scale so tiat their relative rates of growth may be compared. 
An inspection of these curves shows that nuclear growth undergoes a 
remarkable acceleration which is almost absent in the growth of the 
enveloping c 3 rtoplasm. 

The kernplasmar-relation is by no means constant in the different 
comprising an organism, or in unicellular organisms under varying 
environmental conditions. Thus, Conklin, who agrees with Hertwig 
that “the growth of the nucleus is more "rapid in the l^t stage of the 
resting period preceding mitosis than at any other time in the cell 
cycle,” finds that the kemplasma-relation is extremely variable even 
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Fig. 38 — Comparison of the growth of cytoplasm (a) and nucleus (?>) Tlio absoissie 
represent the time in hours since the last nuclear division, and ilio oi<lin.il(‘s the 
growth in volume (From Godlewski, after Popoff.) 

in the earliest stages of embryonic development, and Popoft* lias shown 
that by exposing infusoria to low temperatures abnormally high kern- 
plasma ratios may be obtained. Notwithstanding this it is evident 
that in the growth of any individual cell the growth of the nucleus 
displays autoacceleration, in contrast to the comparatively steady rate 
of accumulation of cytoplasm. Evidently we must infer that the whole 
of the accelerative agent is not shed from the cells into the medium 
which bathes them, but that a portion is also resident within the 
nucleus. 

There is also an entirely independent reason for ascribing the source 
of the Autocatalyst of Cell Multiplication to the nucleus. This is the fact, 
the experimental evidence of which will be described in the following 
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section of this chapter, that the accelerative agent is only shed from 
cells into the pericellular fluid at the moment of division, when the 
Nuclear Membrane has been dissolved. The fact that it is shed at this 
period leads us to infer that no obstacle exists to prevent its issuance 
from cytoplasm, yet in the interdivisional periods it does not escape 
at all. Evidently, therefore, it is not present in the cytoplasm during 
the interdivisional period (at least in the necessary excess to permit 
issuance into the pericellular medium), and it must be prevented from 
escaping from the cell by the membrane which encloses the nucleus 
during this period. 

It is to the Nucleus, therefore, that we must look, alike for the source 
of the Accelerative Agent in cellular multiplication, and the source of 
the autocatalytic time relations which distinguish all types of growth. 
With certain special exceptions, such as the maturation of ova, or 
spermatogenesis, or the occasional formation of polynuclear cells, the 
growth of cytoplasm is determined by the multiplication of nuclei, for 
the obvious reason that nuclear division precedes and determines the 
moment of cellular division, and the subdivision of protoplasm ensures 
the accessibility of nutrients to all its parts and hence the uninterrupted 
growth of cytoplasm. Thus if the production of nuclear materials in 
a multicellular organism or a culture of unicellular organisms is auto- 
catalyzed, then the total production of protoplasm must similarly 
display autocatalj’tic time-relations. 

THE SIGNIFICANCE OF THE “LAG-PERIOD.” 

It appears to be universally true that an isolated cell, placed in no 
matter how rich a nutrient medium, displays a period of inertia or 
“lag” before it responds to the stimulus of abundant foodstuffs by the 
reproduction of its kind. Thus the Lag-penod in bacterial cultures has 
frequently been the subject of careful investigation; it is prominent in 
in vitto cultures of vertebrate tissue cells, and it occurs to a noteworthy 
degree in infusorial cultures. The circumstances attending these dif- 
ferent observations are so unlike in all other respects that the pheiunn- 
enon of “lag” must be regarded as an inevitable consequence of 
isolation, since this is the only common factor in all of the experiments 
enumerated Were the lag-period only observed in cultures of verte- 
brate tissue cells we might be inclined to attribute it to the adaptation 
which is necessary to accommodate the cell to the physical and chemical 
novelty of its environment, and this has frequently been the explana- 
tion offered. But such an explanation altogether fails to apply to a 
culture of bacteria inoculated into a medium of favorable reaction and 
abounding with immediately available foodstuffs. There must be a 
common reason for the phenomenon of lag in all of the instances and 
circumstances in which it occurs, and an explanation which does not 
suffice in the instance of a bacterial ciilture must also be inadequate 
when applied to the lag phenomenon in in miro cultures of tissue. 
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We have seen that when two infusoria are isolated into the same 
amnll drop of hay infusion mutual acceleration of their reproductive 
rate ocems, through the shedding of an accelerative agent into the 
pericellular fluid by the infusoria themselves. This effect, however, 
is not visible during the period of lag. Two individuals isolated 
together into the same drop of hay infusion do not begin to divide 
any earlier than a single individual isolated into a drop of similar 
size. The lag-period is not appreciably shortened. But once division 
>in.H occurred acceleration begins to manifest itself, although if the 
individuals originally isolated chance to have been derived from an old 
densely populated parent-culture,, and bacterial protlucts are absent 
or scanty in the infusion, the mutually accelerative effect may not 
become manifest until after two or three divisions have occurred. The 
following is a typical result of this kind : 

Number of mdivicluals 

Number of individuals After twenty-four Afler forty-eiKbt 

Culture number imtially introduced hours hours 

310A 1 2 1C 

311A 2 3 120 

Thus, after twenty-four hours one of the cells in culture 311 A, which 
initially contained two individuals, had actually lagged behind the other 
and the cell which had been isolated in culture 310A and had not yet 
completed division, so that this culture now contained but three indi- 
viduals, although it should have contained four if the division rate of 
both of its original components had been equal to that of the cell in 
culture 310A, Certainly no mutual acceleration had been displayed up 
to this time. Twenty-four hours later the picture presented by the 
two cultures was very different. Three cell-divisions had occurred in 
the culture which imtially contained a single individual, and five in 
the culture which initially contained two individuals. In tht^ scf'ond 
twenty-four hours the accelerative effect of the second individual was 
very pronounced; in the first twenty-four hours it was not evident at 
all. Now the greater part of the first twenty-four hours was consumed 
by the lag-period, which is very long when the individuals are isolated 
from old parent cultures, and the absence of Allelocatalytic Effect 
during this interval shows that the lag-period was not abbreviated 
the presence of the second individual. Repeated experiments of this 
type indicate a slight abbreviation, and no less frequently a slight 
prolongation of the lag-period in cultures of two individuals. These 
variations, however, are no greater than may be observed in cultures 
of single individuals and always stand in most evident contrast to the 
acceleration due to the presence of the second individual after cell 
division has at last occurred. 

Similarly, the lag-periods of single infusoria isolated into varying 
volumes of culture fluid do not appreciably differ, but once cell-division 
has occurred, then the intervals between the succeeding divisions are 
much abbreviated in the smaller volumes of culture fluid, and multipli- 
cation is correspondingly accelerated. The accelerative agent which is 
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discharged by multiplying infusoria into “bufiFered” distilled water 
does not abbreviate the lag-period of infusoria isolated into nutrient 
media which contain it. Again, Teast ESxtract Hortens the lag-period 
only to a relatively insignificant degree, while, subsequently to the 
first division, the reproductive rate is decidedly enhanced. 

We must infer from all of these observations that the isolated cell is 
relatively insusceptible to agents accelerating Nuclear Synthesis during 
the period which precedes the first division. It is absolutely insus- 

^g-NUMKR PRODUCED IN 
I TWENTY FOUR HOURS 

toJ 



I AOE OF PARENT CULTURE 
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1234 DAYS 

Fig 39 — iShuvping the derreafto of the niultiplication-iutc* of isolated infusoria with 
increasing age of the parent culture 

ceptible to the accelerative agent which is shed into the medium by the 
infusoria themselves, or else this agent does not appear in the medium 
until a division has occurred. For the time being the nucleus is closed 
to outside influences, and carries with it the characteristics of the 
nuclei of the cells which inhabited the parent culture If the parent 
culture is old and densely populated, reproduction has ceased in it, and 
correspondingly we find that the lag-period is immensely prolonged. 
If, on the contrary, the parent culture is a youthful one in which a high 
reproductive rate is still maintained, then the lag-period is brief. It 
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is for this reason that the reproductive rate, within a given time, of 
individuals isolated from an old culture, always appears so very much 
less ttiari the reproductive rate of individuals isolated from a young 
parent culture (Fig. 39). If, however, the lag-periods be deducted 
from each, the reproductive rate of individuals isolated from an old 
parent culture is not less, but may actually be greater than the repro- 
ductive rate of individuals isolated from a young parent culture. 
Hence cultures which are initially veiy slow to develop frequently 
display the most striking autoacceleration. 

Similar phenomena have been observed by Muller, Rahn, Coplans 
and Penfold in the multiplication of bacteria. The following results 
were obtained by Penfold: 

CTJl/nVATION OF B. COLI IN PEPTONE-WATER AT 37® C. 


Nunibor of bactcriu in ono drop of subculturo uficr 


Age of parent 

0 

60 

80 

100 

120 

180 

300 

culture 

znins 

nuns 

znms 

mins 

mins 

mins 

nuns 

17 hours 

. 29 

38 

45 

88 

116 

728 

41,307 

4 days 

28 

28 

26 

27 

29 

136 

7,084 

12 days 

18 

18 

19 

22 

22 

115 

3,623 


Both autocatalysis and lag are very clearly displayed, but the lag- 
period is less than 60 minutes in the subculture from the 17-hour-()ld 
parent culture, while it is one hundred and twenty minutes or more in 
the subcultures from the four- and twelve-day parent cultures. Accord- 
ing to Penfold, bacteria isolated from the parent culture during the 
period of maximal reproductive rate actually display no measurable 
lag at all. 

If we may compare the age of an organized cell-community with the 
age of a culture of bacteria or infusoria, then the same principle prevails, 
for in vitro cultures of vertebrate tissue cells display a much longer 
lag-period when the isolated cells are derived from adult tissues than 
when they are derived from embryonic tissues. (Carell, Burrows ) 
Thus the lag-period appears invariably to increase in duration with 
the age of the parent cell community. 

Summarizing our main conclusions at this point, we have seen that 
the autocatalytic character of growth is attributable to the auto- 
catalysis which occurs during Nuclear Synthesis ; that the a(*celcrativc 
agent which is responsible for the autoacceleration of nuclear synthesis 
is in part retained within the nucleus, and in part shed into the sur- 
rounding medium, and, finally, that during tlie lag-period, before any 
cell-division has occurred, the nucleus is insensitive to accelerative 
agents in the surrounding medium other than the indirect and compar- 
atively slight acceleration due to the mere abundance of foodstuffs. 

These considerations, taken together, unite in indicating pretty 
clearly that the moment of distribution of the accelerative agent 
between the nucleus and the surrounding medium is that at which cell 
division or the preceding nuclear division occurs. And this is, indeed. 
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a very reasonable assumption^ for the Nuclear Membrane is known to 
be relatively impermeable to many soluble materials (see p. 290) and 
the dissolution of the nuclear membrane which accompanies nuclear 
division may well render possible a redistribution of materials between 
the nucleus and the cytoplasm^ and the admixture of nuclear material 
with those constituents of the pericellular fluid which are capable of 
penetrating cytoplasm. 

The fact that the synthesis of individual nuclei is autocatalyzed 
shows, indeed, that the accelerative agent cannot issue from the 
nucleus during the period preceding Nuclear Dimcdon, for if it did, and 
were dissipat^ as rapidly as it was formed, no autoacceleration due 
to its accumulation could occur. It is also a very suggestive fact that 
the rate of nuclear growth, which attains a maximum immediately 
before nuclear division, falls to a minimum immediately thereafter. 
It does not appear possible to interpret this fact except by supposing 
that during the process of division the nucleus has lost some constituent 
which was responsible for the high rate of nuclear growth just before 
division occurred. 

We are thus led to the formation of the following hypothesis: During 
the periods between nuclear division, each nucleus retains the charge 
of autocatalyst with which it was originally provided, and adds to it 
in the course of the nuclear sjTithesis which is rendered possible by its 
presence. At the next division the autocatalyst is shared between the 
nuclear materials and the surrounding medium in a proportion deter- 
mined, in part by its relative solubility in the two media, and in part 
by its affinity for chemical substances within the nucleus. At the end 
of this redistribution the autocatalyst stands in equilibrium between 
the external solvent or pericellular medium, on the one hand, an<l on 
the other hand the nuclear substances with which it combines or in 
which it is dissolved The nuclear membrane is then reformed, and 
the Autocatalyst within the nucleus is again shut from disj^ersal into 
the surrounding medium until the occurrence of the next succeeding 
division. 

This hypothesis reveals a close interrelationship between many 
hitherto obscure and apparently unconnected phenomena Thus it 
has been observed by Wildiers that Yeast will not de\elop, even in a 
medium containing every necessary nutrient, if the volume of the 
medium is excessive in comparison with the number of yeast cells 
introduced into it. We have seen that the same phenomenon is encoun- 
tered in the cultivation of infusoria and that in fact a single infusorian, 
isolated into too large a volume of fresh culture medium, not only fails 
to propagate itself but even fails to maintain its existence. Evidently 
some essential substance which is contributed to the medium by the 
organisms themselves is too much diluted, or too completely extracted 
from the cells in large volumes of culture media to sustain nuclear 
synthesis, or even nuclear equilibrium. It has been found by Wildiers 
and others that the necessary constituent or “Bios” may be supplied 
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by a yeast extract or by extracts of a wide variety of living tissues. 
According to Devloo the “ bios*^ is either a Phospholipin (‘‘ lecithin”) or 
is associated with and soluble in Lecithin. 

We may infer that the "bios” of Wildiers is actually the Nuclear 
Autocatalyst and that if the volume of culture medium be excessive, the 
partition of the autocatalyst between the medium and the cell leaves an 
insufficient residuum in the cell to maintain the synthesis of nuclear 
material at a velocity comparable with that of its degradation. The 
addition of "bios” to the external medium acts like the addition of a 
soluble substance to one of two immiscible solvents, the ratio between 
the final concentrations in the two solvents remaining unaltered, its 
initial addition to one of them diminishes the quantity which may be 
subsequently extracted from the other. 

The mutually accelerative or " allelocatalytic” effect of contiguous 
cells is similarly attributable to the fact that each cell contributes less 
autocatalyst to the medium at the moment of nuclear division by 
reason of the neighborhood of the other. Each cell contributes its 
quota towards the " saturation” of the medium, and hence each parts 
with less than it would otherwise lose at the moment of nuclear division. 
Hence, also, the Allelocatalytic Effect is not displayed until after the 
first division has been effected. The amount of autocatalyst retained 
within the cells must mount with each successive division in proportion 
to the number of cells within a given volume of the medium, so that 
the total synthesis of nuclear material displays the time relations of an 
autocatalyzed reaction. Thus the autocatalytic phenomena displayed 
by the growth of cell communities, even those comprising the most 
complex multicellular plants and animals, are traceable to the progres- 
sive accumulation of the nuclear autocatalyst within the cells, which is 
a consequence of its augmenting concentration in the peric^ellular fluid. 
If one of the constituent cells of the community is isolated into a fresh 
nutrient medium it remains physiologically a member of the parent 
community until the first nuclear division occurs, and the only advan- 
tage wdiich it gains by the transfer, during this interval, resides in the 
greater abundance of certain raw materials or substrates which are 
presumably consumed in the synthesis of the nucleus Sooner or later 
this leads to the attainment of the critical Nuclear Ratio, at which divi- 
sion of the nucleus occurs. From this moment onward the daughter- 
cells assume a new physiological character in consequence of tlie 
redistribution of the autocatalyst between the nuclei and the medium 
which they inhabit. If the nutrient medium has not previously received 
accessions of autocatalyst from other sources, the daughter-cells will 
retain a minimal proportion and hence assume an essentially youthful 
character, reinaugurating an autocatalytic cycle. 

These considerations enable us to understand how the autocatalytic 
character of the synthesis of individual nuclei can result in autocatalysis 
of the collective synthesis of nuclear and cytoplasmic materials in the 
vast community of cells which constitutes the body of a higher plant 
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or animal. A series of separate and entirely independent autocatalytic 
syntheses would not fuse into a total effect displaying similar time 
relations. But the individual nuclear syntheses are only transiently 
independent and until the latest stages of development, at all events, 
the intervals of isolation of the individual nuclei are brief in comparison 
with the total period which is occupied in the production of the adult 
organism. At each cell division equilibrium between the individual 
nuclei and the pericellular medium is reestablished and the individual 
rates of nuclear syntheses are by this means periodically readjusted to 
a rate which is determined by the development of the community as a 
whole. The rate of development of the community, therefore, reflects 
the rate of accumulation of the autocatalyst in the p>ericellular media. 

DIFFERENTIATION AND THE LIMITATION OF BODILY 

DIMENSIONS. 

We have seen that the cessation of growth in the higher metazoa is 
imposed by the growth which has already occurred and not by exhaus- 
tion of the available nutrients. In the case of a community of unicel- 
lular organisms inhabiting a limited volume of nutrient medium it may 
seem, at first sight, more reasonable to suppose that in this case the 
maximum population is determined by the exhaustion of the food 
supply, or, in other words, by the consumption of the substrates of the 
gro\\i:h reaction. That this is not the case, however, is shown by the 
fact that if the infusoria are removed from an old hay-infusion culture 
ill which the population has fur a long time remained at a stationary 
maximum, fresh infusoria from a young culture inoculated into this 
supposedly “exhausted’’ medium, will nevertheless multiply very 
rapidly, and sometimes even more rapidly than in fresh infusions. 

Evidently, therefore, cultures which have been long inhabited by a 
maximal population of infusoria do not contain any substances which 
are toxic for these organisms, nor are'their nutrients exhausted. This 
being the case, it is a \ery striking fact that the Maximal Population 
ill such reinoculated cultures never attains the original magnitude ami, 
moreover, if instead of inoculating the old culture with an individual 
derived from a young and vigorous culture, we employ one of the 
individuals which originally inhabited the old culture fluid, decided 
retardation of the Multiphcative Rate in comparison with the rate in 
fresh hay infusion is observed. The maximal population is also soon 
attained in the old culture fluid, and is very scanty in comparison with 
the population which is attained in the fresh infusion, with or without 
dilution. It is also usually inferior to the maximal population attained 
in the old culture fluid when it is inoculated with an individual ilerived 
from a young culture. This fact, and the fact that maximal reproduc- 
tive rate of individuals from young cultures is possible in the same 
medium, forbid the supposition that it contains any toxic substance, 
yet mere dilution of the old culture medium greatly enhances the repro- 
36 
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ductive rate of individuals isolated into it which had previously 
inhabited the old culture. Also, despite the fact that dilution must 
result in diminution of the available nutrients, the maximal population 
attained in such cultures may actually somewhat exceed that which is 
attainable in undiluted cultures. 

This, then, is the situation: An old culture fluid contains no sub- 
stances which are toxic for infusoria, nor does it retard the multiplica- 
tion of infusoria isolated into it from young cultures. Nevertheless, 
infusoria from old cultures develop much more slowly in old culture 
fluid in fresh isotonic hay infusion, and tlie maximal resultant 

population is very scanty. Mere dilution of the old culture fluid with 
an equal volume of properly “buffered” distilled water enhances the 
reproductive rate of the individuals restored to it, and does not reduce 
the maximal attainable population. 

In the light of these facta we cannot attribute the failure of individ- 
uals inhabiting an old culture to reproduce indefinitely, either to loss 
of reproductive capacity of the cells themselves, or to inability of tlic 
culture fluid to sustain any larger population. The Cessation of 
Reproduction is evidently due to a reciprocal relationship between the 
old culture fluid and the individuals inhabiting it, whereby the fluid is 
no longer suitable for the reproduction of these particular individuals. 

Precisely similar considerations may readily be shown to apjdy to 
the growth of the higher metazoa. It is evident that insufficiency of 
Nutrients, as such, cannot detennine the cessation of growth in the 
adult. The tissue fluids of the adult are, moreover, capable of support- 
ing tlie vigorous multiplication of other types of cells, for example, Cancer 
Cells, while, on the other hand, the latent capacity of the cells of the 
adult to multiply is testified in the phenomena of repair, or m the 
results following upon transplantation of tissues. We can only infer 
that, as in the case of an infusorial culture, the limit of inultii>heatioii 
IS determined by a reciprocal unsuitability of the cx'lls of the adult 
and the medium which they inhabit. 

It is not to be denied that more sjiecific or individual causes may 
govern tlie development of certain special tissues m the higher animals 
and thus indirectly modify the development of the whole 'I'his is 
only what we might expect in view of the general temlency towards 
delegation and concentration of function which acc‘oinpani<'s the higher 
planes of organic development. Some of these special influences will fall 
under consideration later But the phenomenon of growth-retardation 
in the adult is of far too universal occurrence to admit of one explana- 
tion in one biological type, and a difterent explanation in another. 
Underlymg and modifying all the special instances of growth-accel- 
eration or retardation which have been traced to endocrine activities 
in the higher animals, must be a much more generalized and therefore 
more fundamental mechanism of growth regulation whicli governs 
the growth and ultimate dimension of all cell-communities. The 
phenomenon of growth retardation in the adult occurs, and presents 
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essentially the same features, in all of the animals, plants and unicel- 
lular colonies in which growth occurs within a limited and continuous 
volume of fluid. Where the medium bathing the cells is unlimited, 
relatively to their mass, as, for example, the open sea, and no closed 
circuits of nutrient media envelop the cells, as in the corals, growth 
is indefinitely renewed, and stasis is only imposed by gross external 
physical limitation, such as approach to the surface of the water, or 
insufficiency of food or oxygen. Limitation of growth in the higher 
metazoon is imposed by the contiguity of its units, and the fact that 
fluid intercommunication between them is achieved through the 
agency of a circumscribed volume of pericellular fluid. Mere inter- 
ruption of this intercommunication, as by removal of a fragment of 
skin in a mammal, or section of a Planaria into two equal parts, 
suffices to reinaugurate vigorous cell multiplication which, in the 
latter instance, is sustained so far as to regenerate in their entirety 
the lost parts of the whole animal. 

In the case of a culture of unicellular organisms contained in a limited 
volume of culture medium, the food supply must obviously diminish 
with increasing population of the culture. In the higher metazoa, 
however, in which special mechanisms exist for the maintenance of a 
constant nutrient level, the differential equation expressing the net 
\elocity of growth will be: 

— « kiax — kac* 

(It 

where ki is the velocity con&tant of the forward reaction, and ks that 
of the reverse reaction. 

The effect of increasing the Nutrient Level ( = a) will ol)\iously be to 
increase the net\elocit^ of growth, because —a— ajipears onl\ in the 
positne term of the equation Ihis is win an organism, isolated 
from an old culture into a fresh nutrient medium, is enabled to undergo 
dhisioii, for although it remains, until di\ision occurs, a member of 
the i)arent culture in so far as the nuclear concentration of Autocatalyst 
is concerned, the increase of — a — through the augmentation of food- 
stuffs enhances the forward velocity of Nuclear Synthesis, enabling it 
to excee<l that of the re\erse reaction sufficiently to permit the degree 
of synthesis requisite for diMsion. For the same reason an animal 
which has been stunted by deprival of some normal dietary ctaistituent, 
even until an age approximating to the a\erage normal life-duration, 
nevertheless reinaugurates vigorous growth directly the missing cmi- 
stituent is readmitted to the dietary. 

The effect of increasing the concentration of autocatalyst in the 
nutrient medium or pericellular fluids, however, will vary' with the 
stage of growth at w’hich the increase occurs. During the first half, 
or Autokiiietic Phase, of any grow'th-cycle, w'hile the net velocity of the 
reaction is increasing wdth time and w’ith the accumulation of the 
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products of growth, increase in the concentration of the autocatalyst, 
as by the introduction of autocatalyst derived from other cells, will 
result in acceleration of cellular multiplication. During the second 
half, or Autostatie Phase of the cycle, however, while the net velocity 
of the reaction is decreasing with time and the accumulation of the 
products of growth, increase in the concentration of the autocatalyst 
will result in retar^tion of growth. This arises from the fact that 
while the concentration of the autocatalyst enters into the positive 
term of the above equation only in its first power, it enters into the 
negative term in its second exponent. Hence, while x is less than JA, 
the net rate of growth increases with increase of x, but when x becomes 
greater +Vin.Ti ^A, the negative term in the equation increases more 
rapidly than the positive, and the net rate of growth decreases. 

We can now interpret the phenomena which occur when an infuso- 
rian is isolated into an old culture, formerly densely poijulated by 
infusoria, but freed from them by filtration or centrifugalization. 
This m p di nm is loaded with Autocatalyst and consequently the dis- 
charge of autocatalyst into the medium at each division will be a 
Tninimiim . Just as, in the partition of a dissolved substance between 
two immiscible solvents, the amount entering into or departing from 
either solvent is determined by its initial concentration in each of them, 
so, in the partition of the autocatalyst between the Nucleus and the 
surrounding medium, the amount discharged by the nuclei will increase 
in proportion to its concentration in the nuclei and decrease in pro- 
portion to its concentration in the medium. The phenomena are not 
essentially different if dissociable compounds of the dissolved sub- 
stance are formed in one of the solvents. 

An infusorian isolated into such a medium, therefore, parts with 
less of the autocatalyst at each Nuclear Division than it would iiart 
with in a fresh infusion, or it may even acquire additional aiitocata- 
lyst from the medium. The effect of this upon the rate of nuclear 
synthesis, and consequently upon the rate of multiiilieation, will 
depend upon the magnitude of the “ charge” of autocatalyst already 
accumulated within the nucleus. If it be less than the amount corre- 
sponding to X = JA, the cell is in the autokinetic phase of growth, and 
the more rapid accumulation of autocatalyst will be advantageous. 
Hence, infusoria isolated from young parent cultures multiply rapidly 
at first in old media which had formerly been densely populated, but 
the rate of multiplication quickly falls off. On the otlicr hand, if the 
accumulated “charge” of autocatalyst is already in excess of the 
amount corresponding to x = JA, and does not fall below this amount 
during the period of redistribution, then the cell is in the autostatic 
phase of growth, and the more rapid accumulation of autocatalyst 
will retard multiplication. For this reason, individuals isolated from 
old cultures into old culture media multiply slowly, and soon cease to 
multiply altogether, the net velocily of nuclear synthesis falling to zero 
before the critical nuclear ratio, or “Eemplasma-relation,” can be 
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attained. Mere dilution of the old noiedium, reducing as it does the 
external concentration of autocatalyst, permits a greater loss of auto- 
catalyst by the nuclei, and therefore a greater net velocity of growth. 

We have seen that cessation of growth occurs in higher animals at 
a time when the Nutrient Level is still adequate to maintain tissue 
synthesis. The capacity for growth has been shown by Osborne and 
Mendd to be retained throughout life (see Chapter XXI), and only 
its previous occurrence prevents the continuation of growth at any age. 
We must conclude, therefore, that the limiting factor which inhibits 
the multiplication of the metazoan cdl-community is of the same 
nature as that which ultimately inhibits the multiplication of a proto- 
zoan cell-community, namdy, the progressive accumulation of auto- 
catalyst in the pericellular fluid. That this is the true explanation 
of the phenomenon is shown, on the one hand, by the fact that tissues 
remov^ from the communi^ of which they formed a part, and culti- 
vated in media which are constantly renewed, are thereby enabled to 
multiply indefinitdy, and on the other hand by the fact recently 
discovered by Carrell that when vertebrate tissue cells are cultivate 
in blood plasma, the rate of cell multiplication varies in inverse ratio 
to the age of the animal from which the plasma was taken. It is 
evident that a substance accumulates in the blood with advancing 
age which has the effect of retarding cell midtiplication. Similarly, 
the rate of healing or cicatrization of superficid wounds diminishes 
in proportion to the age of the subject. The reinauguration of devel- 
opmental activity, as in the Ovum, is only rendered possible by the 
isolation of the developing tissues from the nutrient media of the 
parent.^ 

We have hitherto discussed the phenomena displayed in growth as 
if all of the cells in the community w^ere alike in all of the particulars 
which determine their Multiplicative Rate. This is not even true in 
a culture of infusoria, as we shall shortly see, and it is very remote from 
the truth in the higher plants and animals. In the first place it is to 
this complexity of cell types that w^e may probably attribute^ the mul- 
tiplicity of Growth Cycles w'hich occur in the development of a verte- 
brate animal. The three main cycles W’hich impress themselves up<jn 
our attention by their prominence in the growth of these animals may 
not be all that actually occur, but their presence demonstrates that 
at least three widely differing cell-t:yT)es comprise the tissues of the 
adult bird or mammal, and that w’^hen conditions become unfavorable 

1 It IS hardly necessary to point out that even in the placental animalss the de\ eloping 
offspring do not share the nutrient circuit of the mother, although foodstuffs and excri^ 
tory products pass through the chononic epithehum from the one nutrient circuit to f 
other The actual nutrient medium, in the one case as m the other, however, is not the 
blood, but the intercellular fluid derived from the blood There is much in the phe- 
nomena attending the transplantation of tissues to suggest the idea that the autocatal>&t 
of nuclear synthesis does not wholly escape mto the blood stream but remains partly 
localized m the tissue m which it arises However this may be. it is evident that it does 
not escape from the body through the renal tubules, and we may thus understand its 
failure to traverse chonomc epithelium. 
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for the development of the ecarlier types, they are still such as to permit 
multiplication of the later types. 

Three factors enter into the determination of the multiplicative 
capacity of a cell, and the influence of two of these, the nutrient level, 
and the concentration of the autocatalyst, has been discussed above. 
The third is the magnitude of the critical mass of nuclear constituents 
at which division of the nucleus occurs. The Multiplicative Capacity 
of a cell, in other words, is determined by three variables. A, x and the 
“kernplasma relation/" Diminution of the “kcrnplasma relation” 
will obviously permit the multiplication of cells in the presence of 
accumulations of Autocatalyst, which would totally inhibit nuclear 
synthesis before the attainment of larger values could occur. 

Now it must always be borne in mind that the opportunity of 
dividing confers upon the cell the possibility of rejuvenation through 
the dissipation of its accumulations of autocatalyst. If, then, a drastic 
diminution of the Nuclear Ratio, or any internal modification leading 
to an earlier attainment of the nuclear ratio, should oc*cur in the pro- 
duction of any number of a cell-community, the individual so constituted 
will be able to propagate itself, possibly through a number of genera- 
tions, until the increase of autocatalyst in the pericellular fluid l^ecomes 
so great as to prevent the new cells from losing sufficient autocatalyst 
at division even to permit the synthesis of the lesser amount of nuclear 
material which is requisite to attain the new critical nuclear ratio. 
At the same time the possibility of multiplication by the older indi- 
viduals of the community would become more remote than ever. The 
new type of cell could therefore compete most advantageously for 
place or nutriment with the old. 

In this connection the observation of Jennings that races of Para-^ 
vieda may be obtained which differ in reproductive rate under like 
conditions, and transmit these differences to their deseendeiits, 
assumes especial significance. The basis of these difl'erences must he 
witHn the cell, and the most obvious internal variation which could 
affect the reproductive rate in this manner would be a modification 
of the nuclear ratio. From this point of view, also, we can inter- 
pret the observation of Peters that in old infusorial cultures the 
population does not remain at a steady maximum, or even steadily 
decline, but fluctuates between successive maxima and minima of 
varying magnitude. In other words, certain members of the popula- 
tion die off and are succeeded by others better adapted for propagation 
in the medium which they inhabit. Not all of the infusoria or bacteria 
inhabiting a culture are therefore alike, or equally successful in propa- 
gation of their kind, and it has been observed that the individuals 
isolated from very old cultures frequently display an abnormally 
high reproductive rate, after e^^iry of the lag-period, when they are 
isolated into fresh infusion. Similarly, hereditary variations have been 
observed in various species of bacteria and fluctuations of the popula- 
tion of densely inhabited cultures, analogous to those which occur in 
cultures of infusoria^ have also been observed in cultures of bacteria. 
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The importance of these observations resides in the fact which they 
reveal, that the morphologically similar elements of a miicellular 
community may difler from one another in their ability to multiply, 
and that to so great an extent that certain types are thereby enabled 
to supplant others in the community, or to continue multiplying where 
others are checked. 

In these facts we appear to possess the key to the origin of DifEeren- 
tiation in the development of the higher animals. By their mere 
multiplication in a circumscribed medium, cells of any one type render 
that medium unsuitable for their further multiplication. If, however, 
the variability of the cells is sufficient to enable them to give rise to a 
type differing from the parent type in the possession of ability to 
divide at a lower nuclear ratio, or to attain this ratio under conditions 
prohibiting its attainment in others, then a fresh outburst of reproduc- 
tive activity will ensue. In this way a Physiological Differentiation 
into varying types of cells of differing developmental potentialities 
may be conceived to occur, the fundamental inherited trait, which is 
responsible for their appearance, being an inherent tendency to vary 
on the part of the cells comprising the primitive embr^^onic tissues. 

Morphological Differentiation is in the main a c^i:oplasmie manifes- 
tation, but its origin must, in the first instance, be attributable to 
differences which arise between morphologically similar cells at the 
nioinent of their production, i. c., at Nuclear Division. In final analy- 
sis we come hack therefore to nuclear events, and the results of 
modern investigation of the cytological aspects of Inheritance have 
taught Us also that the origin of form lies in the nucleus, even though 
its nianifestation (Occurs elsewhere. The sequence of c\ents wdiieh 
leads from the initial physiological tlifferentiation to the final expres- 
sion of almost infinite morphological variety in the tissues of any of 
the higher yavtazoa does not permit t>f any single or uniform explana- 
tion because a multiplicity of factors participate in the determination 
of the result, and their relative proportion differs from one instance 
to another The dependence of morphological <litt‘erentiation ujion 
the varying multiplicative rate of the ctmstituent cells of tlic organism 
ma>', howe\er, he illustrated hy the circumstances attending its 
initiatuin After division of the fertilized ovum into tw’o, four, eight 
or sometimes more cells which are morphologically ulentical, and, 
as a rule, sjjatially symmetrical, one or another cell comes to manifest 
a difference in reproductive rate leading to the quicker multiplication 
of this part of the organism, wdth consequent distortion of the origi- 
nally symmetrical form of the cell-assemblage by invagination of 
the most rapidly multiplying cells to form the primitive Archenteron. 
The variation of the circumstances attending the life of the con- 
stituent cells, which arises out of this distortion, ultimately necessitates 
the assumption of differing morphological characters. 

It follows from this conception of morphological differentiation 
that it originates indirectly out of changes in Multiplicative Rate which 
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arise from internal modifications of nuclear equilibrium or of the inters 
dependence of nucleus and cytoplasm, in either case Icjwling to sueces- 
sive graded reductions of the interdivisional i)eriods. Now whatever 
the modifications may be which lead to this result there must of 
necessity be some limit which they cannot transcend and every step 
toward this limit reduces the further potentialities of differentiation. 
It must be for this reason that the early blastomeres of many forms, 
after separation from one another, are still able individually to give 
rise to complete embryos, while at later stages of development i^iis 
becomes impossible, and in its place the cells retain merely a partial 
regenerative ability which diminishes progressively as differentiation 
becomes more and more esrtensive. The ability to reproduce the whole 
organism evidently rests upon the ability of the nucleus to furnish the 
whole gamut of graded nucleo-eytoplasmic ratios which normally arise 
during the development of that organism. The loss of one of these 
steps, after a certain degree of physiological differentiation has occurred, 
restricts the morphogenetic potentiality of the differentiated cell to 
something short of that required for the production of the whole 
organism. 

THE METABOLIC BATE AND THE PARTITION OP NUTRIENTS. 

The loss of weight which occurs in Starvation is by no means uni- 
formly distributed throughout the body. The following tabic dis- 
plays the loss of substance, in percentages of the normal weight, of the 
various tissues of cats after death from inanition: 


sue or organ 

Lobs of weight, 

per rent 

Fat . 

97 

Spleen 

G7 

Liver . 

54 

Testes 

40 

Muscles 

31 

Kidnes^ 

2(’> 

Skin . 

21 

Intestine 

18 

Lungs 

18 

Pancreas 

17 

Bones 

14 

Heart 

3 

Central nervous system 

3 


It will be observed that those organs which are most essential to the 
preservation of existence are those which suffer least extensively from 
the imbalanced tissue-degradation which results from the fall of the 
Nutrient-level consequent upon deprivation of food. This must be due 
to some definite peculiarity of the metabolism of those tissues which 
so especialty maintain their weight under these adverse circumstances. 
The nature of this peculiarity may be inferred from the fact that the 
speed of metabolism is exceptionally great in just those tissues, the 
Heart and Nesrvous System, which most successfully resist the disinte- 
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grating effects of inanition. Thus the heart is constantly transforming 
large amounts of potential energy into mechanical work, the main- 
tenance of life in the higher metazoa depends in fact upon its doing 
so, and yet it carries within itself an extraordinarily small reserve of 
energy-yielding materials. The Glycogen-cGntent of the muscular 
tissues of the heart, instead of being exceptionally high, is, as a matter 
of fact, no higher than it is in the skeletal muscles, which are only 
intermittently called upon to perform great exertions. The heart 
must thus depend for the maintenance of its activity upon the direct 
and constant withdrawal of nutrient materials from *dxe circulating 
fluids. In so doing it is forced to compete with all the other tissues 
of the body, and yet it does so with so much success that whereas 
the majority of the other tissue lose a very considerable part of their 
weight, the heart maintains the integrity of its substance until death 
is imminent. This implies that the rate of utilization of nutrients 
by the heart must greatly exceed that of the other tissues, so that the 
foodstuffs are appropriated in advance of the ability of other tissues 
to do so. 

The high Metabolic Rate of the central nervous system maybe inferred 
from the fact that its consumption of oxygen is exceptionally great. 
The first effect of deprivation of oxygen is to arrest the higher activities 
of the central nervous system, and those substances which paralyze 
the oxidizing enzymes, such as the Cyanides, arrest the actiWties of the 
central nervous sj stem before any other tissue is affected to a com- 
parable degree. The intensity of OrLdatlon in the central nervous 
system testifies to the rapidity of the destruction of its constituents. 
The fact that it maintains its integrity even in starvation, therefore, 
implies a proportionate rapidity of reconstruction 

The synthesis of the various tissues of the body from the food- 
stuffs which are contained in the circulating fluids may' be regarded 
as arising from a multitude of parallel reactions, all consuming similar 
substrates although not in identical amounts and proportions. Now 
in any group of Parallel Reactions, that is, of reactions which are 
occurring simultaneously' and consuming the same raw' materials, 
each substrate which enters into the reactions is shared between them 
in proportion to the velocity wdth which they occur. The various 
reactions proceed at their own independent rates and, if the quantity' 
of materials available for transformation w'ere unlimited, each reaction, 
or the symthesis of each particular kind and ty^pe of tissue, would go 
forward at the same speed as it w'ould if the other tissue-symthesis 
W'ere not occurring simultaneously. The quantity' of available sub- 
strates or Nutrient-level of the tissue-fluids is, how'ever, not unlimited 
but adjusted, as we have seen, by a dymamic equilibrium, to the 
average needs of the body as a wrhole. In the competition for these 
materials, therefore, the most specifically rapid synthesis w'ill have a 
decided advantage over the specifically slower syntheses, and wrhen 
the nutrient-level sinks below' the normal, as in starvation, the more 
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rapidly metabolizing tissues will maintain their integrity for relatively 
prolonged periods at the expense of the more slowly metabolizing 
tissues. 

If we now turn to the question of the origin of the varying metabolic 
rate of different tissues it is of importance to observe that the leading 
characteristic of Old Age is the low average Metab(dic Bate of the 
tissues. From maturity to old age the calorific output steadily 
diminishes, the total reduction, according to Du Bois, being about 13 
per cent by eighty years of age in men. From this we may infer that 
the ontogenetically younger and more physiologically differentiated 
tissues have low rates of metabolism, while the ontogenetically older 
and less physiologically differentiated tissues have high rates of metab- 
olism. Now we have seen that the ontogenetically older tissues have 
Mgh nuclear ratios, while the more physiologically differentiated 
tissues owe their differentiation to their lower nuclear ratios. We 
have furthermore seen (p. 520) that the nucleus is the seat of the most 
intense oxidations in the cell, so that the high metabolic rates in the 
tissues which arise at an early stage in the development of an animal 
may conceivably originate in the greater mass of certain nuclear 
constituents which these cells presumably contain. 

Since the effect of starvation is to favor the rapidly metabolizing 
tissues at the expense of those of slower metabolic rate the result must 
be to increase the proportion of rapidly metabolizing tissues in an 
animal. Corresponding with this fact Osborne and Mendel found 
that a period of starvation greatly improves the subsequent utilization 
of foodstuffs, so that in a growing rat the total growth attained in a 
period of starvation followed by a period of feeding may exceed that 
attained by normal animals in a like period of time. A second period 
of starvation even enhances this effect. The same efl‘e<-t may often 
be noted in infants as a result of a period of subnutrition or of a lowered 
nutritional level due to the enhanced exogenous metabolism in fevers 

From quite another avenue of experimental investigation the con- 
clusion may also be drawn that a period of starvation increases the 
proportion of vigorously metabolizing tissues in the body. Embryonic 
Tissues, and rapidly growing tissues generally, have been shown by many 
observers, and particularly by Cramer, to contain a high proiiortion of 
Water, while those which metabolize most slowly and suffer most in any 
severe competition for nutrients contain a relatively low proixirtion 
of water. The nervous system, for example, contains an exceptionally 
high percentage of water. Now, Aaron has shown that a period tif 
starvation or subnutrition leads both in children and in animals to a 
greater loss of nitrogen and calories than would normally be equivalent 
to the loss of body-weight; in other words the tissues are becoming 
progressively more dilute and of less calorific value. 

_ We are led again in this connection to recall the important observa- 
tion of Child that starving planarians undergo retrogression to a 
relatively embryonic character. Child accounts for this Rejuvenescence 
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by the sweeping out from the cell of accumulations of colloidal sub- 
stances which impede the cell-activities and are consumed in starvation 
for the purpose of furnishing energy. The nature of the impediment 
constituted by these substances is, however, by no means clear. The 
relative rejuvenescence of metazoa by starvation is more probably to 
be attributed to the ascendency in mass and numbers acquired by the 
tissues which are normally possessed of a high metabolic rate which 
enables them, when food is readmitted, to push forward all of the pro- 
cesses of growth, including the growth of slowly metabolizing and 
water-poor tissues, with unusual energy. 

OLD AGE AND SENESCENCE. 

The overwhelming force of suggestion conveyed by the ine\’itability 
of the occurrence of death in man himself and in all those forms with 
which the generality of mankind are familiar, has not been without 
its effect upon the mental bias of the biologists themselves; so that 
until a comparatively recent period the phenomena of Senescence were 
passed over as the inevitable outcome of life itself, as if they were 
implied in the very conception of life. 

There is no particular reason, implied in the nature of an auto- 
catalytic process, why the mass of its product should diminish. In 
fact, the station of Equilibrium in a purely autocatalytic process, uncom- 
plicated by side reactions, is asymptotically approached and never 
actually attained, so that the total mass of product, so far from decreas- 
ing at the apparent close of the reactions, is actually increasing at 
an infinitesimal rate The process of growth, however, although it is 
autocatalyzed, does not conform to this particular characteristic of 
autocatalytic reactions and, a maximum yield of product having been 
attained, the tissues slowly disintegrate, even gathering speed as time 
proceeds, until, if no other factor intrudes to terminate life. Senile 
Atrophy of the tissues leads to irreparable weakening of some essential 
organ. 

In man the senescent loss of body-weight begins relatively early, 
but procee<ls very slowly, so that it only becomes notable at an age in 
excess of the mean duration of life. In the mouse, on the contrary', 
the Senescent Loss of Weight is relatively sudden and rapid and is quite 
marked before the mean duration of life is attained. This is illustrated 
by the accompanying curve (Fig. 40), w'hich displays the growth and 
senescence of female w'hite mice from four w^eeks until the termination 
of the observations by the death of the last surviving animals. Deaths 
from epidemic infection were excluded by the technic of the experiments. 
The terminal fluctuations of the curve are due to the irregularly occur- 
ring deaths of animals in which the process of senescence has been most 
rapid and which have lost w-eight. The survivors therefore represent 
an earlier or less complete stage of senescence than those w^hich have 
died, and each group of late deaths is consequently accompanied by 
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a rise in the weiglit^curvc of the survivors. Each rise, liowever, is 
succeeded by a fall, which is even more rapid tlian tlie preceding one, 
that the process of senescence is in reality continuous, and, 
moreover, that it proceeds with a regularly incre^ing velocity which 
depends upon the age rather than upon the weight of the animals. 
The same characteristics are displayed by the curves in Pig. 48 on 
p. 617. 

A variety of hypotheses have been advanced to account for the 
phenomena of senescence which, even if all other dangers of life could 
be surmounted, would set an inevitable term to existence. A very 
natural supposition is that proposed by Biitschli, that death is due to 
the exhaustion of a certain substance— the “life ferment”— which 
is gradually used up during life. We cannot disassociate senescent 
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Fig 40 — Growth curve of normal female white mipo from four weeks until death 
of the last surviving animal The vertical cross-mark indicates aveiago <liiiation of 
life 

atrophy from senescent death, however, since the death of aged indi- 
viduals is obviously determined by the progressive atrophy or degener- 
ation of essential tissues. Now senescent atrophy is attributable to 
the inability of the tissues to maintain their weight and we must there- 
fore, in the terms of Biitschli’s hypothesis, suppose that the gradual 
consumption of an essential substance which was originally contained 
in the germ-cells and can be manufactured only by them has deprived 
the tissues of the power to form new protoplasm. Now this is not the 
case, for even in old age, injury or removal of the Products of Growth, 
will institute vigorous Regeneration and repair. The capacity to grow 
is not lost or even impaired by age. Thus, Osborne and Mendel have 
maintained rats in an infantile stage of development by depriving them 
of the single amino-acid Lysine. But upon readmission of lysine to 
the diet, even at an age exceeding the average normal duration of life 
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(700 days), growth is immediately inaugurated, at the same f^eed 
that it would, in^ the normal course of events, have taken place in a 
normally fed^ animal of similar weight and stage of development. 
The retardation of growth by the accumulation of the products of 
growth is therefore one of the important factors in determining the 
inability of the adult tissues to maintiun their weight in aged animals. 
It is not the only factor, however, because in that case, as we have 
seen, inde&utdy prolonged equilibrium and not decline would be the 
resultant. 

A modification of Biitschli’s hypothecs is that proposed by Rubner, 
namely, that the protoplasm of an animal is able to sustain a limited 
number of molecular transformations and no more. Thus he points 
out that the total calorific output of a variety of animals from birth 
to old age is approrimately the same, a striking exception being, how- 
ever, afforded by man: 


Total Consumption of Calories per Kilogram op Body-weight. 


Man 
Horse . 
Cow 
Dog 
Cat 

Gumca-pig 


725.770 

169.900 
141,090 

163.900 
223,800 
265,500 


The iiibtaiiceb are, however, not very numerous and if one marked 
exception to the “rule” occurs among such a small number of cases, 
other exceptions \\ill doubtless be encountered. Indeed, we may 
with more probability attribute the exceptional position of man in 
this small group to the much larger proportion of Nervous Tissues — 
tissues, that is, of high metabolic rate, w’hich his body contain^ in 
comparison with the other animals enumerated. His duration of life 
is also, and iiossibly for the same reason, exceptionally great. 

Quite a different t\pe of hypothesis to the foregoing is that pro- 
posed Metchnikoff, who attributes senescence in part to the aber- 
rant activities of Phagoc3rtes and in part to the absori^tion of toxic 
substances which are products of bacterial decomposition in the lower 
intestine. AVhile there can be little doubt that some of the tissue- 
changes w hich are characteristic of old age, such as sclerosis, vascular 
lesions and so forth ma^ be hastened or even brought about h\ repeated 
administrations of basic substances, such as Adrenalme or Tyramme, 
w’hich may be derived from amino-acids by Decarboxylation, \'et as a 
general hypothesis of senescence this is too specific, too limited in its 
scope and applicability, to account for the phenomenon in the multi- 
tude of the forms of life which exhibit it. In fact, Metchnikoff did 
not advance his hypothesis as an explanation of natural” old age, 
although he is commonly accredited with having done so, but as an 
explanation of what he considered to be the “premature” senescence 
of human beings, and, as such, it is a hypothesis which deserves ver;>^ 
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serious consideration. The effects produced by basic Nitrogenous 
Poisons related to the amino-acids are, however, confined to certain 
tissues and especially the circulatory and renal systems, while the 
effects of senescent atrophy modify in greater or less degree every 
tissue in the body. Organisms in which the structural changes pro- 
ducible by poisons of this character could not constitute an irreparable 
injury nevertheless display senescence and its necessary outcome, 
“natural death.” 

It is to Weismann that we owe the recognition, now general among 
biologists, that potentially immortal forms of life exist. In tliose 
unicellular forms which propagate themselves by Fission the totality 
of the parent is included in the offspring, who merely add to the living 
material thus handed on to them. The propagative powers of such 
forms seem to be potentially unlimited, provided only tliat they are 
not compelled to inhabit and share a limited volume of nutrient 
medium. 

It is true that the observations of Maupas tended to slrow that 
unlimited propagation of unicellular animals by fission is irot ]}o.ssible 
without the occasional stimulus, as he believed it to be, of Conjugation. 
The investigations of Jennings, however, have shown that conjugation 
in infusoria, so far from constituting a stimulus, actually delays 
subsequent reproduction. The significance of conjugation for those 
animals lies, he believes, in the amphimixis thereby achieved and the 
greater variability of the offspring, enabling them to adajit themselves 
to a greater variety of environmental circumstances. The process of 
conjugation in higher plants and animals accomplishes two totally 
different purposes. It conveys to the egg the Hereditary Character- 
istics of both parents which are thereafter redistributed among the 
germ cells of the offspring in varying permutations and c-oinbinations, 
giving rise to a variability not otherwise attainable. At the same tune 
it constitutes a powerful stimulus to the development of the ovum, upon 
which the higher forms have in general become so deiiendent that 
natural parthenogenesis is no longer possible in the majority of tliem 
The discovery by Loeb of artificial means whereby this stimulus may 
be communicated ^to the egg (Chapter XIX) inaugurated a new eiioeh 
in our understanding of development and inheritance by demonstrating 
that the two phenomena, that of growth stimulation and that of con- 
veyance of hereditary qualities, are completely separable even in forms 
in which they normally occur together. In the ttifusoria, Jennings 
believes, these two functions are normally separated. The stimulus 
necessary to accomplish cell multiplication is produced by every 
individual. Conjugation in these forms accomplishes merely a partial 
exchange of hereditary qualities (Amphimuds) . 

The periods of diminished reproductive capacity in infusorial cul- 
tures, which have been noted by IVlaupas and many subsequent inves- 
tiga^tors, have been shown by Woodruff to be due to monotony of the 
environment and possibly to the gradual exhaustion of necessary food 
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constituents. Another important factor is the density of the popula- 
tion of the parent culture from which individuals are procur^ to 
inaugurate a new culture. We have seen that individuals isolated 
from an old and densely populated culture exhibit a prolonged ^‘lag- 
period/’ and, if this is included in the estimation of division-time, the 
multiplicative rate of individuals isolated from old cultures must 
appear to be retarded. This culture will in a given period be very 
likely to produce fewer individuals than the parent culture and an 
individual reisolated from it will exhibit a briefer "lag” and therefore 
higher apparent rate of multiplication than the previous culture. In 
this way irregular rhythms of reproductive rate may be established, 
such as have been observed by many investigators, but they are 
actually attributable to variations of the en\dronmental conditions 
at the time that new individuals are isolated. The individuals inhab- 
iting an old culture medium exhibit senescence in the sense that they 
have temporarily lost the power of reproducing themselves in the 
medium which they inhabit and transfer to a new medium accom- 
plishes “Rejuvenescence,” by raising the nutrient level so far as to 
permit the necessaiy' nuclear synthesis for division to occur, when the 
issuance of the accumulated autocatalyst from the nucleus confers 
a ^'outhful character upon the cell by reestablishing the Autokinetic 
Phase. 

With constant renewal of the nutrient medium, therefore, an 
iinlefinite continuance of the autokinetic phase is theoretically possible, 
and, in fact, Woodriitf has been able by frequent renev\al and variation 
of the nutrient inediiun, to propagate infusoria for over two thousand 
generation^ without occurrence of conjugation or any permanent lo^s 
of reproductne ca])acit>. The potential immortality of these forms 
may be considered, therefore, to ha\e been experimentally e^tablished. 

Biit the iioteiitiality of unlimited reproduction by fission is now 
recognized not to lie confined to unicellular organisms. The pJeiisen 
tumor lias now been propagatc<l liy transplantation for so many gen- 
crati(»iis that the duration of its life has alrea<l\ excecde<l by many 
multiples the life duration of the mice which are its host^. The propa- 
gation of Ining tissues in vitro has re\ealcd unlimited potentiality 
of self-maintenance and reproduction in a \ariet> of the specialized 
tissues of the \ertcbrata. Indeed, we may now \enture h) surmise 
that so far from death being the necessary outcome of life, potential 
immortality with unlimited capacity for reproduction is a universal 
characteristic of li\ing matter. 

In every instance of sustained reproductive capacity and indefinite 
duration of existence, how’ever, one essential must be realized, and 
that is frequent renew^al of the Pericellular Fluid. 

We have seen that the Nutrient Level in the medium inhabited by 
the cells of the higher metazoa is approximately constant from birth to 
old age. For communities of physiologically similar cells, therefore, 
the availability of nutrients does not alter wdth the age of the commu- 
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nity, and an adult or non-multiplying cell community does not cease to 
produce new cells because the old cells are receiving insufBcient nour- 
ishment to support the Nuclear Synthesis which occurs in a younger 
community. Nevertheless, the nutrient level does indirectly deter- 
mine the adult dimensions of a cell community, simply because, at a 
given nutrient level or value of —a—, the velocity of the forward reac- 
tion of nuclear synthesis does not sufficiently exceed that of the reverse 
reaction to enable the critical mass of the particular nuclear constituent 
which determines cell division to be attained. Physiological differen- 
tiation, or step-by-step lowering of the Nuclear Ratio, renders nutrients 
available for nuclear synthesis which are useless to cells possessing 
higher nucleo-cytoplasmic ratios, because in them nuclear synthesis 
is inhibited by their inclusion of autocatalyst. Thus in competition 
for place and nutriment the ontogenetically younger cells have an over- 
whelming advantage over the ontogenetically older cells. 

The handicap thus suffered by the ontogenetically older cells may 
operate to bring about their destruction in several ways. In the 
first place all living tissues are doubtless subject to injury from time 
to time in the performance of their functions or in the course of resis- 
tance to disease. This injury is repaired by Regeneration, that is by 
reproduction, so far as possible, of the cells which have undergone 
destruction. Now the reconstruction of cells of higher nuclear value, 
after extensive Differentiation of the organism has occurrt'd and a 
hi^ concentration of autocatalyst has accumulated in the pericellular 
fluids, may become impossible, owing to inability of the cells to attain 
the nuclear ratio necessary to constitute their type. The injured 
cells, if they are replaced at all, must be replaced by cells of a more 
differentiated type which may not be able to discharge the functions 
of the cells which they have displaced. Such a change would not 
proceed far in any organ of fundamental physiological iin])ortanc‘e 
before it would indirectly lead to the injury of c*ells in other tissues, 
owing to the mutual interdependence of all the tissues of the body. • 
This secondary injury would for the same reason be repaired in such 
a fashion as to involve, probably, some further imperfection of function, 
and so the impairment of the whole organism would proceed at an 
accelerated rate. ^ It is, indeed, a matter of common observation 
in pathology that injury to tissues tends to result in their replacement 
by more Differentiated Tissue, and the impairment of function which 
is thus occasioned is very frequently one of the most serious con- 
sequences of disease. Hence the analogy which Metchnikoff drew 
between the effect of poisons upon tissues and the effect of senescence 
itself was a perfectly valid one, and the changes imposed upon tissue 
by the repair of damages which have been inflicted by the toxins of 
disease constitute, in fact, an accelerated senescence. It is only a 
matter of doubt whether toxins of intestinal origin play so predominant 
a part in this process as Metchnikoff supposed. 

A more sustained effect of differentiation upon the community is, 
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however, that which arises from the relative reduction of the Notrient 
Level for ontogenetically older cells which is brought about by the 
proliferation of more differentiated tissues. This effect may be more 
easily pictured if we imagine a community of physiologically similar 
cells, as for example a culture of infusoria, inhabiting a cultiue medium 
into which a flow of nutrients occurs, so as to Tna.int5i.in a certain 
nutrient level — a — . Nuclear synthesis is proceeding in each cell and 
is tending toward the equilibrium expressed in the formula: 

ki 

Xex. + Xeud. = — a 

ks 

in which Xex, is employed to designate the proportion of the nuclear 
autocatalyst included within the nudeus at the moment of the preceding 
division, and Xend, that which has been subsequently synthesized. 

Just l^fore this equilibrium has been attained we may suppose that 
one cell acquires the ability to divide at the nuclear ratio which has 
by then been attained, while the other cells of the community remain 
unable to divide. The dividing cell is "rejuvenated^^ by its division, 
that is, it discharges its accumulation of Autocatalyst and reverts to an 
earlier phase of the autocatalytic curve. Nuclear Ssnithesis proceeds 
more rapidly and the lower nuclear ratio which is requisite for the 
division of this t>T)e is repeatedly attained. An energetic nuclear 
synthesis is thus inaugurated in a community in which it was formerly 
occurring at a much retarded velocity. 

Meanwhile the inflow of nutrients is maintained at a steady level 
by the mechanism which we have assumed.^ But the population of 
the culture, prior to the appearance of the new type, represented (or 
was approaching) the maximum attainable nuclear synthesis for the 
given nutrient level- The inflow of nutrients which sufficed to main- 
tain this equilibrium is now in part deflected to maintain a more rapid 
synthesis in other cells, and the former nuclear equilibrium can no 
longer be upheld. The accumulated autocatalyst in the older t^qie of 
cell forces the reversion of nuclear synthesis until the velocity of the 
reverse reaction falls again to equality w ith the forward reaction, now 
diminished in velocity by the relative fall of nutrient level- A new 
nuclear equilibrium is established in the old type of cell, approximating 
towards that which will ultimately be attained by the new er type of 
cell. The older type of cell has been compelled to reduce its nuclear 
ratio. If this reduction should be inconsistent wdth the maintenance 
of function the old type of cell would have to disappear and give place 
to the new\® In a multicellular organism, how^ever, the old type of cell 

1 This mechanism is represented in mammals by the reciprocal activities of the assimi- 
lative, endocrme and excretory organs 

® Even if maintenance of their existence were still possible, it is readily conceivable 
that their functional e£Eicienoy might bo seriously impaired by the inadequacy of their 
nuclear contents, 

37 
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has assumed ceiiain functions upon tlie execution of which the organ- 
ism has come to depend. The decadence of these cells must tliereforc 
ultimately involve the mortality of the whole community. 

We have in fact in Senescence an outcome of overpopulation which 
exemplifies the Law o£ Malthus in the cellular domain. The effect 
might be likened to the consequences of introducing into a country 
inhabited by a race whose standard of life is high, members of a rapidly- 
propagating race whose requirements are small. No matter what 
positive increase of nutrient inflow (•£. e., production of food) might 
occur, the new type of population, multiplying more rapidly than the 
old, must inevitably increase until its rate of consumption equals the 
rate of production; but the rate of production will then bo equalled to 
the consumption of the average, and the average is constituted now 
of a majority of the type which synthesizes protoplasm economically. 
The old type was not exclusively considered in establishing the rate of 
production. If it had been, then the new type would have found 
nutrients in excess of its needs and multiplied until tliat excess no 
longer existed. But what is excess for the low-living tyi>e is inanition 
for the high-living type. Either the old type of individual must 
reduce its needs, or, if its functional constitution prohibits this, it 
must succumb and give place to the new. 

It has been suggested that senescence in tlie metazoa is attributable 
to the appropriation of a progressively increasing share of foodstuffs 
by tissues of purely structural significance, the Sclerous or Supporting 
Tissues. These tissues, owing to their abnonnal com])()sition, are 
relatively expensive to maintain. In the manufacture of the iirotein 
comprising coimective tissue, several molecules of the more “normal” 
or parenchymatous type of protein must be sacrificed to provide the 
excess of one kind of Anino-acid or another required for the synthesis 
of connective-tissue protein. An excess of unutilizable aniino-jieids 
is at the same time rejected, and thus even a low rate of anabolism or 
repair in such tissues may result in the consumption of a disproportion- 
ate share of nutrients. 

While this hypothesis must doubtless embody a iiart of the truth, 
it suffers from the unsatisfactory feature that no reason is assigneil 
for the progressive accumulation of sclerous tissues which is ailmit- 
tedly an accompaniment of old age. Moreover, there is some doubt 
whether it is applicable to all tlie various forms of life in winch senes- 
cence actually occurs. The considerations which have been set forth 
above enable us to conceive a more general mechanism and therefore 
a more universal theory of senescence. In the competition for place 
and_ nourishment which occurs during the development and differen- 
tiation of the higher animals, the more highly differentiated tissues 
constantly tend to render conditions not only more unsuitable than 
ever for the_ multiplication of less differentiated tissues, but finally, 
through their contribution to the general reduction of the nuclear 
equilibrium, imsuitable even for their maintenance. So soon as the 
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stage is reached at which conditions cease to be adequate for the main- 
tenance of some tissue which carries out an essential function for the 
community, the ultimate fate of that community is assured. In the 
light of this conception the accumulation of sclerous tissues with 
advancing age is seen to be merely a special instance of a general 
phenomenon, common to all communities which inhabit a restricted 
volume of nutrient medium. 

In short, a community of cells inhabiting a circumscribed nutrient 
medium is continually struggling to accomplish the impossible task of 
adapting itself to conditions which, by the very process of adaptation, 
are automatically rendered more and more mit for the perpetuation 
of the community. Senescence is therefore the necessary outcome 
of Differentiation. 

THE RELATIONSHIP OF THE ENDOCRINE ORGANS TO 

GROWTH. 

We have seen that the catalysis of nuclear synthesis and therefore 
of growth is a function of every cell, and that each cell contains the 
necessary materials for the acceleration of the production of living 
matter. In the higher or more differentiated organisms, however, it 
is not at all improbable that special cell-groups or organs may be able 
to guide or modify the distribution of growth catalyzers, or even to 
produce specific catalyzers for the growth of certain tissues, such 
catalyzers being distributed by the circulation and operating as 
Growth-hormones. 

Such hormones might profoundly affect growth and development 
without altering either the magnitudes or, to any considerable extent, 
the specific velocities of the individual grow’th-cycles. For if, by an\' 
means tantamount to slight early increase of the autocatah sufficing 
only to increase the apparent value of the specific velocity-constant 
by a small proportion of its true value, the initial stages of the cycle 
can be accelerated, then the rapid accumulation of autocatalyst which 
would ensue w’ould result in a degree of anticipation of the peri<»d of 
maximum growth-velocity out of all proportion to the magnitude of 
the initial acceleration brought about by the hormone. (\>nversely 
a very slight early retardation of the multiplication of any particular 
type of cell would lead to a totally disproportional delay in the devel- 
opment of the tissue to w’hich these cells give rise. 

The profound significance of certain of the various Endocrine Organs 
or glands of internal secretion in the processes of growth immediately 
suggests that these are special cell-groups to w'hich the function has 
been particularly delegated of controlling the proiluction or distribu- 
tion of catalyzers of grow'th. We have already seen that the inter- 
stitial tissues of the ovaries and testes exert a control o\ er the de\ elop- 
ment of the secondary" sexual characters of the adult. We know from 
abundant clinical experience that disorders of the thyroid, thymus, 
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Fig. 41. — Pireadolescent hyperpituitarism resulting in gigantism. Height, 8 ft. 3 in.; 
weight, 275 pounds. (After Cushing ) 
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is the result- He regarded the two conditions as differing aspects 
of one and the same disease, of which the symptoms were in both 
instances attributable to hyperactivity of the hypophysis followed 
ultimately by its destruction. Subsequent investigators, and especially 
Cushing, have confirmed this view by more extended observation, but 
they have also added a third type of pituitary disturbance, which is 
designated Frohlich’s disease, or Dyspitidtrism. These cases may 
occur in childhood (Fig. 43) or in adults. They are characterized by 



Fro 42 — Acromegalic g:ig:antism Height, 6 ft 1 in , weight, 247 pounds 
(After Cubhing ) 

extensive deposits of subcutaneous fat, the skin is thin, transparent, 
and hairless, and the sexual organs and functions are usually undevel- 
oped. iMuseular energj' is at a verj’ low level, the intelligence is usually 
normal but slow. These cases have in some instances been markedly 
alleviated by the administration of pituitary tissue or of pituiterj' and 
thyroid tissue or extracts combined, and they apparently arise from 
deficient activity of the hypophysis without the preliminary stimi^tion 
which is responsible for the characteristic symptoms of gigantism or 
acromegaly. 
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Experiments upon animals have ahowii ua that while in mammals 
excision of the posterior lobe or para nerposa of the pituitary body may 
be enduredj complete excision of both lobes of the glaml is fatal. Par- 
tial excision leads to underdevelopment and particularly to retarded 
development of the bones (Fig. 44). In amphibians complete removal 
of both parts of the hypophysis is possible at a very early stage of 
development, and Smith has shown that in hypophysectomized tad- 



Fiq. 43. Dystrophiar-adiposo-gemtalis Age» fifteen years, gain of 124 pounds in 
fourteen months (After Cushmg ) 


poles development and Metamorphosis are very strikingly retarded in 
comparison with the normals^ while the skin remains unpigmented and 
the tadpoles have the appearance of albinos. The albinism^ but not 
the defective development, may be cured or prevented by the adminis- 
tration of posterior-lobe extract. 

Feeding experiments in whi(i pituitary tissue is administered to 
normal animals have yielded imiform but by no Tnefl-np i striking results. 
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The Fosteriw-lobe tissue leads to loss of wdght and intestinal disturb- 
ances which are not attributable to or indicative of any effect upon 
growth. The administration of Antnior-lobe tissue to rats has been 



Fio 44 — Fat undersized animal on left has undertone partial hypophysectomy. Animal 
Oil the right is a normal animal of same sex and litter (.After Cushing ) 

observed by Aldrich and by Schafer to cause retardation of early 
growth, followed, in Schafer’s experiments, by a secondary- accelera- 
tion. Wulzen and Maxwell, working with fowls, likewise obtained 



Fia. 45. — Comparison of the growth-cur'v es of normal and of pituit ar 3 ’'-fed female 

white mice. 

retardation followed by acceleration, and the same effect has been 
observed in mice (Fig. 45). The uniform testimony afforded by all 
of these experiments is therefore that the admiiustration of anterior^ 
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lobe tissue causes initial retardation and a secomiary acceleration of 
growth, but both of these effects are slight. 

lihe inconspicuous character of these results is probably to be 
attributed to the fact that of all the tissues of the body the Anterior 
Lobe of the pituitary gland is the one most richly supplied with blood. 
The circulation is in fact extraordinarily efficient and we may infer 
that the active product or products of the gland leave it very rapidly 
and do not accumulate therein- Hence the dosage of the active mate- 
rial which happens to be present in the gland at the moment of death 
of an animal may represent but a fraction of the quantity which is 
manufactured and discharged in the course of a day. When we admin- 
ister pituitary tissue we are seeking to imitate or accentuate by a single 
daily administration of merely residual material the action of a gland 
which is engaged every moment of the day in manufacturing and 
discharging the substance which influences the growth of tissues; 
we cannot, therefore, look for large results. As we shall see, much 
more decisive effects can be elicited by the administration of a con- 
centrated extract of the tissue, representing a much larger dose of the 
fresh tissue than would be practicable to employ. I Thlenhuth , however, 
by feeding salamanders {Amhlystoma) exclusively upon anterior lobe 
tissue (of oxen) has obtained veritable gigantism, the animals thus fed 
achieving bodily dimensions very greatly in excess of the normal. 

The Pineal Gland is stated by McCord to have a decisive influence 
upon the growth of the Secondary Sexual Characters. Tumors of tlie 
pineal gland have not infrequently been described, and are usually 
associated in children with extraordinary precocity of sexual develop- 
ment. Either, therefore, the pineal gland elaborates a i)rin(‘iple which 
directly and specifically accelerates the growth of the secondary sexual 
characters, or else it operates indirectly by stimulating the interstitial 
cells of the ovary or testes. 

The relationship of the Nervous Tissues to the growth of the whole 
organism is one which can by no means be overlooke<l in this connec- 
tion. As we shall see in the succeeding chapter, certain lii>oi<lal sub- 
stances, related to, or associated with Lecithin, exert an influence on 
growth analogous to that which would be induced by <liininuti<)ii 
of the pericellular concentration of autocatalyst, thus delaying the 
autostatic phase and permitting the more prolonged dovelojiment of 
the ontogenetically early tissues possessed of high nuclear ratios (par- 
enchymatous tissues). Now these substances, or substances related 
to them, are exceedingly abundant in nervous tissues. We cannot 
suppose that the substances which contribute to the building up 
of nervous tissues or result from their degeneration are not abun- 
dant in the circulating fluids in proportion to the development of the 
nervous tissues or the ratio of their mass to that of the whole body. 
The development of the nervous system may thus be instrumental in 
determining the development of the whole body. 

From this point of view it is a fact of extreme importance that, as 
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Friedenthal has pointed out, the ratio of brain-weight to body-weight, 
or to the two-thirds power of the body-weight, which he terms the 
“ cephalization-factor,” varies from one species of animal or bird to 
another in extremely close correspondence with the maximal attainable 
duration of life. The following are among the figures which he cites 
in support of this thesis:^ 




Cephahzation-f actor 

Maximal life-duration 
(according to Hanseman) 

Species. 

in years 

Man . 

, 

. . . 2 67 to 2 SI 

80 to 150 

Elephant 

, , 

. 1 24 to 1 34 

90 to 100 

Anthropoid apes 

. 0 76 to 0 65 


Horse 


0 43 to 0 57 

45 

Deer 


0 40 to 0 50 

30 

Bears 


. 0 36 to 0 50 

50 

Dogs 


0 34 to 0 51 

15 to 20 

Cats 


. 0 29 toO 34 

20 

Oxen ] 

Giraffes 

Antelopes] 

i 

. 0 30 to 0 40 

30 

Squirrels 


0 16 to 0 20 

6 

Insectivora 

0 06 to 0 18 

6 to 10 

Mice 


0 04 

3 



BIRDS. 

Maximal life-duration 
(according to Hanaeninn) 

Species 

Cephalization-factor 

in years 

Carrion crow 

0 108 

100 (0 

Parrots 


0 147 to 0 177 

100 (») 

Alpine crow 

0 114 

50 

Buzzard 


0 11 


Owl 


0 113 


Finch 


0 use 

8 

Spairow 


0 086 


Duck 


0 0731 


Snipe 


0 0585 


Quail 


0 0495 


Heron 


U 0459 

15 

Pheiibant 


0 0343 

15 

F<iwU 


O UJ49 

11) to JO 

( >&tii( h 


0 0195 



The \arious estimates of the maximal Duration of Life can only be 
regarded, excepting in the case of the mouse, as very hazardous aj>proxi- 
mations, since, even in the case of man, the maximal attainable <liiration 
of life has bt^en the subject of far more fables than investigations. 
Prol>ahly the mean duration of life would be a better standard of com- 
parison than the ma,vimal duration of life, since the magnitude of the 
latter estimate may be so greatly affected by a single exceptional 
observation On the other hand, statistical estimates of the average 
duration of life are lacking, save for man and mice, and even the 
estimates for man which are available include accidental deaths and 
deaths from epidemic infections- However, notwithstanding the 

^ The life-duration of the mouse, computed from the observations of Robertson and 
Ray, has been added to the table 
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approximates chameter of the estimates, they _ail‘t>r<I very strikiiifif evi- 
dence of a tendency of Longerity to be associated with a high degree 
of development of the nervous system. Thus, so far as the effect upon 
the duration of life is concerned, exceptional developmeut of the 
nervous system exerts an effect, namely, postponement of Senescence, 
similar to that which might be induced by a diminution of the peri- 
cellular accumulation of autocatalyst. 
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CHAPTER XXI. 


THE RELATIONSHIP OF GROWTH TO DIRT. 

THE DISTINCTION BETWEEN SUBSTRATES AND CATALYSTS 

OP GROWTH. 

The final equilibrium which is attained in any {[growth cycle is rela- 
tive to the prevailing Nutrient Levels for it occurs when the forward 
velocity of nuclear synthesis is equalled by the reverse velocity of 
nuclear degradation, and we have seen that the forward velocity of 
synthesis is proportional to the nutrient level. If any particular essen- 
tial for the manufacture of nuclei is absent or scarce in the dietary, 
this will constitute the limiting factor of development, because all 
other nutrients will perforce be usele^ss in its absence. So a house 
may be built of many materials and yet its construction absolutely 
prevented by lack or scarcity of some particular item Moreover, 
since the Nucleus is in the long run as dependent upon the Cytoplasm 
as the latter is upon the nucleus, any essential for the construction of 
cytoplasm will also constitute, if it is scarce or lacking, a limiting 
factor in development. It is necessary, therefore, to consider at this 
juncture the nature of these factors. 

One characteristic the Substrates of Growth must certainly dis])lay 
in common, and that is their absolute essentiality. Without raw 
materials the finished product manifestly cannot he made, and any 
one raw material will serve as well as any other to limit growth if it 
be absent or inadequate in amount. In certain instances, it is true, 
substitutes for the insufficient constituent might conc^eivably be foun<l, 
but in that event we should more correctly consider the grou]) of 
substances mutually capable of replacing one another as (‘onstitiiting 
collectively one of the substrates of growth. 

With the Autocatalyst of Growth and substances resembling it in 
their effect, it is quite otherwise. This can never be an absolute 
essential in the dietary, because it is produced endogenously, that is 
by the tissues of the organism itself. Thus acceleration or retardation 
of growth might conceivably arise in consequence of the presence of 
excessive amounts of such substances in the pericellular fluids, either 
effect being obtained according to whether the growth cycle is in the 
autokinetic or in the autostatic phase. But in no case will absence 
of the autocatalyst from the dietary, at all events in the multicellular 
organisms, lead to absolute suppression of growth. We have pre- 
viously (Chapter XX) seen reason to provisionally identify the auto- 
catalyst of gfowth with the “Bios” of Wildiers^ and in thi^ respect, 
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also, the “bios” displays the characteristics which we would expect 
in a growth-catalyst. Thus, Ide has pointed out that two types of 
growth of yeast are possible, the one, a very slow growth without 
“bios,” the other rapid growti with “bios.” It is true that growth 
may be inhibited in unicellular organisms, and even maintenance may 
be rendered impossible by excessive dilution of the autocatalyst or 
“bios” through isolation into a disproportionate volume of a culture 
medium which lacks it. This occurs, no doubt, because the proportion 
of autocatalyst left within the cell is too small to support Nuclear 
Synthesis at a velocity sufficient to keep pace with tihe growth of 
cytoplasm, and the nuclear ratio typical of the cell cannot be main- 
tain^. Evidently this could not occur in multicellular communities 
bathed in intercommunicating pericellular fluids. 

Our knowledge of the sul^trates of growth, while exceedingly 
inadequate in many directions, is nevertheless far superior to our 
present knowledge of the properties and effects of the nuclear auto- 
catalyst or “ bios.” This arises from the very universality of the dis- 
tribution of the latter, for attention has been called to the existence 
and necessity of many growth substrates, particularly amino-acids and 
vitamins, by the irregularity of their dispersal in living matter and the 
fact that certain of them are totally absent from many common food- 
stuffs. The existence of an agent affecting growth w^hich is present 
in all tissues and yet not essential in the dietary must ob\'iously be 
much more difficult to establish. 

THE INORGANIC SUBSTRATES. 

The Inorganic Substrates of growth must evidently comprise all of 
the inorganic elements which are found in adult tissues. The essen- 
tiality of some of these has long been well establishetl. Thus the 
experiments of Abderhalden have shown that if rabbits are maintained 
ui)on a diet deficient in Iron, by continuing milk fettling after the 
normal period of lactation, they fail to grow at the normal rate an<l 
display anemia, quantitatively measurable by the tlecrease of relative 
hemoglobin content. Addition of inorganic salts of iron to the milk 
greatly improved growth, but did not alle\iate the anemia because 
certain substances necessary' for the utilization of iron to manufacture 
hemoglobin w ere not supplied in sufficient abundance by milk. Hence 
iron, possibly in association wdth nucleoprotems, plays some other 
role ill the body besides that of enabling the manufacture of hemo- 
globin. Addition of green forage containing iron speedily corrected 
the anemia. There is thus a daily w’astage of iron from the body 
w hich must be replaced by a current supply in the dietaiy\ 

The necessity of Iodine for the manufacture of the active constituent 
of the Thyroid (thyroxin) is manifested in the disorders of thyroid 
function which superv'ene w’hen the nutrient supply of iodine is 
deficient. That lack of iodine in the dietary'' may actually lead to 
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hypofunction of the thsrroid is demonstrated by the preventive effect 
of frequent administration of small doses of iodides. Under circum- 
stances which throw excessive strain upon the thyroid, such as the 
pollution of water by certain microorgani^s, then even the normal 
proportion of iodine in the dietaty may be inadequate, and tinder such 
conditions the administration of iodides does not seem to be so effective 
in preventing hypofunction of the thyroid as it is when the disorder 
arises from simple inadequacy of the iodine in the dietary. It is not 
clear how and for what reason a wastage of iodine occurs from the 
body, entailing a continual renewal of this element. 

In respect to other inorganic elements our information is more 
meagre. The necessity of lime and phosphates for the growing animal 
is evident from the fact that the former substance enters extensively 
into the formation of bone, while Phosphorus is required for the manu- 
facture of all nuclei and of the lipins which abound in all tissues, and 
more esi>ecially in nervous tissues. Accordingly, Osbonie and Mendel 
have found that young rats fml to grow if deprived of lime and phos- 
phates and that considerable proportions of these are requisite to main- 
tain a normal growth-rate. 

In respect to the remaining mineral constituents of protoplasm, 
Osborne and Mendel have shown that either sodium or potassium must 
be abundant in the diet, but provided Potassium is abundant Sodium 
may be reduced to 0.04 per cent of the intake, while if sodium is 
abundant then potassium may be reduced to 0.03 per cent. No more 
than 0.04 per cent of Chlorine and 0.01 per cent of Magnesium are 
required to maintain growth. 

These minimal requirements are conditional upon the ability of the 
animal to conserve its mineral resources. Thus, Roscmann has shown 
that a diet which is deficient in chlorides results only in a most 
insignificant reduction of the total chlorine content of the body. 
Excretion of chlorides under these circumstances is completely arrested. 
No deleterious effects are observed. If, however, the conservation 
of chlorine is prevented by actual removal of the Hydrochloric Acid 
in the gastric juice through a fistula, then signs of malnutrition speedily 
appear. 

An early effect of total deprival of mineral constituents from the 
diet is the development of Acidosis with accompanying Ketonuria. 
This is doubtless attributable to inadequate oxidation of the fats, 
consequent upon deficiency of the bases necessary to maintain tlie 
alkali-reserve. 

The importance of a well-balanced mineral dietary has been espe- 
cially emphasized by McCollum and co-workers. While animals 
succeed in n^intaining themselves, and even grow fairly rapidly upon 
a mineral diet of abnormal composition, yet improvement of growth 
is commonly manifested when the proportions of the mineral con- 
stituents approximate more closely to the actual requirements of the 
animal, as, for example, the saline constituents of milk. A possible 
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explanation of this fact has been advanced elsewhere (Chapter II), 
While the selective activity of the tissues may succeed in retaining and 
accumulating a mineral element from a dietary in which it occurs in 
merely insignificant proportions,^ yet this retention, and the implied 
rejection of the excess of other constituents involves the overcoming 
of the resistance constituted by their respective osmotic pressures. 
Osmotic work is therefore performed by the tissues and their perform- 
ance of this work must consume energy, and in consequence, detract 
from the calorific value of the food. The restoration of a normal 
dietary results in the release of energy for maintenance and growth 
and has the effect of an addition to the calorific value of the intake. 

The mineral requirements of TTniceUular AniTnaig have recently been 
investigated by Peters, He finds that phosphates and chlorides are 
necessary, and also potassium and magnesium. Cultures were obtain- 
able in media which could not be demonstrated to contain Cidcium, 
Sodium or Sulphur. Nevertheless these substances, although unde- 
tectable, may have been present in suflScient amoimt to enter into the 
formation of constituents of the protoplasm, because the quantities 
requisite, if wholly utilized, would not improbably lie beyond the 
boundaries of chemical detection. In the absence of other sources of 
nitrogen. Ammonium Salts were also found to be essential. 

The inorganic requirements of the plants are not incidental, as in 
the animal, but fundamental, since they constitute the ultimate source 
of all their nutriment. A discussion of these requirements wouhl 
consequently lead us far out of our province, and the reader is referred 
to current works on plant physiology and agricultural chemistry. 

AMINO-AdDS. 

The organic requirements of the higher animals comprise the car- 
bohydrates, fats, proteins and accessory foodstuffs or vitamin^. Of 
these the Carbohydrates and Fats are not limited to specific forms, 
but, provided only that they are digestible, L e., reducible to mono- 
saccharides in the one case or to fatty acids and glycerol in the other, 
any carbohydrates or fat may be utilized for the purposes of main- 
tenance or growth by the organism. Not only that, but provided the 
accessoiv’' foodstuff or “vitamin A,” "uhich is commonly associateil 
with fats, is present in adequate amount, fats may be wholly excluded 
from the diet, and, with the fats, the carbohydrates may also be 
excluded- ithout loss of power to maintain bodily equilibrium or to 
grow. 

Neither lack of fat nor lack of carbohydrates, therefore, can constitute 
a limiting factor in the growth of an animal, provided the total calorific 

1 The mechaiusm of this retention has been discussed elsewhere (Chapter XIII). 

* Carbohydrates cannot be omitted from the dietary unlesis fats are previously excluded, 
for m the absence of carbohydrates the fats are imperfectly oxidized and the products 
of their partial oxidation give rise to acidosis. ** The fats are burnt only m the fire of the 
carbohydrates.’ ’ 

38 
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value of the diet is more than adequate for its maintenance. Proteins, 
however, stand upon a very different footing in relation to growth! 
They constitute a large proportion of the dry weight of living tissue, 
and since they are the only abundant nitrogenous constituents of the 
diet, their place cannot be taken by any other class of foodstuff. 

The proteins, as we have seen, are not transported to the tissues 
as such. The investigations of recent years have shown them to be 
absorbed from the intestine only in the form of the Amino-acids which 
result from their complete hydrolytic cleavage by the digestive enzymes. 
Now the various amino-acids which may be found united with one 
another to form a protein are not less than nineteen in number an/j 
they differ from one another, not as the various hexoses differ, 
merely in stereochemical configuration, but frequently in fundamental 
structure. Instead of a single dietary constituent, protein, there are 
therefore no less than nineteen separate nitrogenous food constituents 
which in many cases differ fundamentally from each other in struc- 
ture. The question therefore presents itself whether each of these 
substances constitutes a separate requirement of the organism or 
whether, on the contrary, certain of them may be synthesize<l from 
others or from substances of even simpler constitution. 

So far as GlycocoU, or amino-acetic acid, is concerned, our tissues 
appear to be able to manufacture it without difficulty. If Benzoic 
Add is administered to man or animals it appears combined with 
glycocoll to form Hippuric Acid in the urine, and the amount so excTeted 
may far exceed the intake of glycocoll in the food. There is reason 
to suppose that it is manufactured from ammonia derived from the 
deaminization of other amino-acids and the carbonic acid which 
abounds in living tissues. 

It is much more difficult to ascertain whether other amino-acids 
may be synthesized or not. The difficulty and expense of preparing 
them in a state of purity has hitherto precluded the extensive employ- 
ment of amino-acids as the sole source of nitrogen in the dietary. 
The experiment has indeed been attempted by Abderhalden, who found 
that maintenance of bodily weight and nitrogen retention could he 
secured on a synthetic mixture of amino-acids, but the far more pro- 
longed and extensive series of investigations required to ascertain 
the separate requirements of each of the individual acids has never 
been attempted. 

On the oAer hand, the majority of the naturally occurring proteins 
contain all of the dietary amino-acids, although in widely varying 
proportions. Only in a few exceptional classes of protein do we find 
that certain amino-acids are lacking. Gelatin is a well-known example 
of an incomplete protein, lacking Cystine, Tyrosine and Tryptoidiane, 
and it has long been realized that gelatin is not in itself an adequate 
protein for the maintenance of nitrogenous equilibrium, although it 
is a “sparer’’ of protein, i. e., can furnish a portion but not the whole 
of the protein in the diet. This, however, is not conclusive evidence 
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of the inability of the tissues to synthesize some amino-acids from 
others, for cystine, being the only amino-acid which contains sulphur, 
cannot be synthesized from any other. In recent years, however, the 



Iiu 40 — .4 and B the rontrast bet’ween two rats of the ^anie a>re, one of whi< h, 

B, has been stunted by recei\'ing a diet (protein-free milk and gliadinj deficient in 
bbiiie The lower two pictures afford a comparison between two rats of the same weight 
but widely diffenng m age The older, stunted rat. By has not lost the characteristic 
proportions of the younger animal, C (After Underhill ) 


researches of Willcock and Hopkins and of Osborne and Mendel have 
established the fact that certain other proteins lacking one or other 
of the amino-acids are similarly inadequate to maintain nitrogenous 
equilibrium or permit growth. 'I'hus, Zeio, the alcohol-soluble protein 
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in maize, which lacks Tryptophane, Lysine and GlycocoU, is inadequate 
to maintain nitrogenous equilibrium unless it is supplemented by- 
tryptophane, and even with this addition it will not support growth. 
Since glycocoll can be synthesized by the tiswsues the limiting factor, 
when zein has been thus supplemented, must of course be lysine. 
Gliadin, the alcohol-soluble protein in wheat and rye, contains trypto- 
phane but is lacking in lysine and glycocoll, and this protein permits 
the maintenance of protoplasm already synthesized, but, like zein 
which has been supplemented with tryptophane, it fails to support 
growth (Fig. 46) . We may therefore infer that tryptophane and lysine 
are both capable of becoming limiting factors of growth when they 
are lacking or present in inadequate amounts in the diet. 

It is usually supposed that the daily requirement of protein in the 
diet arises from the need to repair the Wear and Tear of the cells inci- 
dental to the performance of their functions. It is known, however, 
that the greater part of the amino-acids from the ingestion of protein 
are rapidly deaminized, probably before they enter into the composi- 
tion of tissue proteins, the non-nitrogenous remainder being employed, 
like a carbohydrate or a fat, as a source of energy. Since an increased 
ingestion of protein accelerates the rate of DeambiLsation, the propor- 
tion available for the replacement of ^‘wear and tear” becomes less 
the greater the quantity ingested. The question has been raised by 
Osborne and Mendel whether there is any genuine wear and tear of 
the proteins of normal uninjured tissue, or whether, on the contrary, 
the daily necessity for certain amino-acids does not actually arise from 
the destruction of tissue proteins, but from specific requirements for 
the manufacture of Honnones, Enzymes or other substances of special 
physiological significance which are consumed in the performance of 
their function. They suggest that apart from injury due to toxins 
or trauma (to which we may add senescence) the only reason for the 
destruction of any tissue protein at all might be to liberate small 
amounts of amino-acids lacking in the diet, and which are required to 
engage in “ some hormone-like physiological duty upon which proper 
metabolism depends.” It may be for this reason, they suggest, that 
maintenance of nitrogenous equilibrium and bodily weight are possible 
upon a diet completely lacking in lysine, although growth is impossible. 
The manufacture of new protein evidently requires lysine, and so also 
it may be presumed would' the replacement of tissue protein which 
has been destroyed, Tfyptoplhane, pn* thfe contrary, is required for 
some other purpose than protein-manufacture, and hence is subject to 
continual wastage even in an animal which is not growing. 

There is, however, this alternative, namely, that the lysine liberated 
in the destruction of tissue protein is utilized over and over again for 
^e replacement of the same quantity of protein as that from which 
it has been derived. If, in fact, we conceive the degradation and 
synthesis of tissue protein as a balanced reaction of hydrolysis and 
its reversion, this is what .we would ^ect to occur, and failure of 
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the reversion, and consequent disturbance of the equilibrium, would 
only happen when one or more of the amino-acids was drained away 
for other purposes. The theory of Osborne and Mendel, with this 
slight modification, would thus be consistent with our general concep- 
tion of physico-chemical equilibria, and the disturbance of this equi- 
librium would provide the obvious reason for the breaking down of 
tissue protein whidi occurs when the amino-acids which are subject 
to wastage are withdrawn from the diet. 

Another method of ascertaining the Amino-acid Seqidranent of 
animals consists in admitting various proteins to the diet only in 
minimal amounts. The amino-acid composition of different proteins 
varies very greatly and while but few are completely lacking in any of 



Fig 47 — Curv^es of groTvth of rats on basal rations plus casein, sho^MiiK effect of 
addition of cystine to an inadequate alloi^ance of casein (After Osborne and Mendel ) 


the nineteen dietary amino-acids, many contain certain amino-acids 
in relatively small amounts. When excess of the protein is adminis- 
tered such comparative deficiencies may be inappreciable, because a 
sufficiency of the least abundant amino-acid is supplied while the 
others are present in the dietary in excess. If, however, the protein 
is administered in minimal quantities, the more abundant amino-acids 
may be present in sufficient amount, while the less abundant acids 
are now inadequate. 

Thus, if only 9 per cent of the total calories in the diet are in the form 
of Casein, and no other protein is admitted, normal gro\vth cannot 
occur. The addition of Cystine at once renders normal growth possible 
(Fig. 47). Such an animal eats more, because it is not merely replac- 
ing current wastage but also manufacturing new protein, but while 
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eating only 8 per cent more protein it will grow 4(K) per cent more 
tissue than an animal receiving this small proportion of casein without 
addition of cystine. 'IThe acldition of Alaniiie to the casein is devoid 
of any effect, so that the effect of cystine is specific. Similarly, Edestin, 
the globulin of hemp-seed, fails to support growth when it constitutes 
only 9 per cent of the diet, but the addition of Lysine renders it ade- 
quate. Of all the proteins so far investigated, Laetalbumin has been 
found to be the most efficient for the support of growth, and with but 
9 per cent of this protdn in the diet normal growth is achieved (Pig. 
47). It is also the most efficient protein for the correction of deficien- 
cies in other proteins. Its occurrence in milk is therefore of special 
significance, and it is a fact of extreme practical importance that this 
protein is relativelj' much more abundant in human milk than in 
cow’s milk. 

The amino-acid constitution of these proteins is illustrated in the 


following table. 

Per cent content of 

Protein 

Cystine 

Lysine 

Laetalbumin 


8 10 

Casein 

0 1 

7 01 

Edestin. 

0 

1 05 

Ghadiii 

0 5 

0 10 


Any of these proteins is adequate to support growth when it con- 
stitutes 12.5 per cent of the total dietary, and any excess over this 
proportion of the total dietary, and any excess over this ])roi)ortion 
of the total calories conveys no advantage to the animal. It might be 
supposed that an animal receiving but 9 per cent of its calorics in the 
form of one of the less adequate proteins might achieve a satisfactory 
intake, even of the least abundant amino-acid, merely by consuming 
more food. "While theoretically conceivable, this does not actually 
occur, because the appetite of animals is related to the energy require- 
ment of the body and not to the nee<l of jjarticular tissues. The 
Appetite is satisfied, when no choice of diet is available, by a quantity 
which suffices to replace the calorific expenditure. Doubtless more food 
would involve the animal in difficulties arising from imperfect metab- 
olism. On the other hand, appetite does afford a guide to the jiroper 
composition of food when a choice is ofl’ered to the animal, and as 
between a deficient and an adequate diet of equal calorific value, the 
instinct of the animal leads it to choose the diet which most nearly 
permits normal growth: Instinctive cravings for materials deficient 
in a one-sided dietary are experienced by the majority of human beings 
and are frequently manifested to a striking degree by children; but 
where such instincts cannot be satisfied, the consumption of an addi- 
tional amount of erroneously constructed diet is evidently not a phy- 
siologically desirable method of correcting deficiencies. 

The attempt has several times been made to ascertain the amino- 
acid requirement of animals by hydrolyzing some complete protein 
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until it is wholly converted into its constituent .auipao-acids, and then 
after removing one or more of them by chemical proeedures^ adminip- 
tering the residual mixture to animals as their sole souirc^' of 
An experiment of this kind was first performed inadvertently by Abder- 
halden, who hydrolyzed protein completely wilh acids and then fed 
animals with the resultant mixture of amino-acids. The animals 
failed to maintain a nitrogen balance and in consequence they lost 
weight. The Tryptophane which was originally present in the protein 
had, in fact, undergone destruction during the procedure of hydrolysis, 
and on restoring tryptophane to the mixture a nitrogen balance was 
obtained. 

More extensive experiments of this nature were subsequently under- 
taken by Ackroyd and Hopkins and later by Gelling. Casein was 
completely hydrolyzed by 25 per cent sulphxiric acid and the mixture 
supplemented by the adition of Cystine, which is deficient in casein, 
and Tryptophane, which had been destroyed during hydrolysis. Argi- 
nine and Histidine were now removed from the mixture. No growth 
could be obtained, and in fact persistent loss of weight occurred. If 
either of these amino-acids was reintroduced into the dietary, however, 
satisfactory growth occurred. The relationship of these amino-acids 
is shown by the following formulae: 


CH— NV 

II 

C — NHX 


CHs 


CHNHa 

I 

COOH 

Histidine 


CHr— NH\ 

I 

CH, NH^ 

Ah. 


CNHs 


CHNH* 

I 

COOH 

Arginine 


Both are also related to Guanine and therefore to the Purine Bases 
which enter into the formation of Nucleic Acids. Now the end-product 
of the purine metabolism in rats is Allantoin, ^hich is derived by 
oxidation from Unc Acid, and it is therefore an extremely suggestive 
fact that when arginine and histidine w^ere both \\ithdrawn from the 
<liet a marke<l decline of allantoin excretion occurred. We may infer 
that these amino-acids are in part employed for the synthesis of 
purines. 

Summing up, therefore, the present state of our knowledge con- 
cerning the amino-acid requirements of the higher animals, we may 
state that cystine, tryptophane, and either histidine or arginine are 
necessary' both for growth and for the maintenance of tissue already 
manufactured. Lysine is essential for growth but not for maintenance. 
Gly'cocoll is not essential for either purpose, since it can be manufac- 
tured, directly' or indirectly', from other amino-acids. Regarding the 
thirteen amino-acids w'hich remain, our ignorance of their necessity' 
or replaceability in the diet is almost complete, although Abderhalden 
suggests that Proline may be derivable from Glutamic Acid and arginine 
from Ornithine. 
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ACCESSORY FOOD FACTORS. 

The vast number and gfreat variety of organic compounds which 
collectively constitute the tissues of the animal body compel us to 
assume, either that animal tissues are possesstMl of very varied and 
extensive powers of organic synthesis, or alternatively that they must 
be dependent upon the vegetable kingtlom for organic ra<licals of very 
diverse descriptions. For besides the amino-acids, nitrogenous com- 
pounds which may readily be derived therefrom, carbohydrates which 
may be manufactured, if necessary, from the deaminized residues of 
amino-acids, and neutral fats which may be manufactured from car- 
bohydrates, our tissues contain, or certain organs produce, substances 
of a complexity not easily derivable from these. The PhosphoUpins 
contain nitrogenous bases of a character differing from that of the 
amines which result from the decarboxylation of amino-acids. The 
Sterols and other hydroxyaromatic derivatives, such as Xnositol, are 
not readily related to any of the amino-acids or even to the carbohy- 
drates. The methyl-pyrrole radical in Hematin, although closely 
related to Froline, appears not to be derivable therefrom in the animal 
body, since, even with the addition of iron, Abderhalden failed to 
secure Hemoglobin synthesis in rabbits on an exclusive milk-dietary. 
The addition of chlorophyll-containing articles to the <lietary enabled 
s3mthesis of hemoglobin to occur, and since Chlorophyll is also a methyl- 
pyrrole derivative it was assumed by Abderhalden that the Methyl- 
pyrrole requisite for hemoglobin-synthesis is derived from chloroi)hyll, 
an assiunption which appears the more probable since Uoaf has shown 
that Urochrome, the yellow urinary pigment, is derivetl from chloro- 
phyll in the diet. 

It is doubtless for reasons such as these that certain constituents 
of the dietary, ultimately derived from vegetable tissues, arc essential 
for the growth and maintenance of animals, although the necessary 
quantities are so small that they must be devoid of value merely as 
sources of energy. These dietary constituents, which are requisite 
for reasons unconnected with their heat value and arc at present 
chemically undefined, are termed by Gowland Hopkins the "Accessory 
Food Factors."^ The number of ascertained accessories, at the present 
time, is three. 

^ It is unfortunate that the term “vitamin” has come to bo applied indiscnmniately 
to all three classes of food accessory Onginally employed by Funk to dosiji;nato the 
water-soluble accessory, if this term had been retained for its oni^mal purpose then wo 
might have felt confident that m the future the term vitoipin would apply to a definite 
group of closely related substances. The divergent properties of the three classes of 
accessory factors mdicate that they differ fundamentally in chemical character, so that, 
if it is applied to all of them, the term “vitamin” must eventually become chemically 
meanmgless Neither can the term “vitamm” be employed in a physiologically con- 
sistent sense to designate dietary essentiahty, for in that event the term would also 
properly apply to the essential amino-acids It would be preferable to employ the non- 
committal termmology of Hopkins and designate these substances, collectively, the 
“accessory food factors,” reserymg the term “vitamm” for the substance or group of 
substances to which it was originally applied, namely, the wator-solublo accessory, or 
antineuritio factor. 



THE FAT-^SOLUBLE ACCESSORY FACTOR 


601 


THE FAT-SOLUBLE ACCESSOBT FACTOR. 

The fat-soluble accessory is contained in Butter, Eir^-yolk and the 
body-fats of animals, with the exception of Lard, in which it is usually 
deficient. If, however, the pigs have been fed with a lavish supply 
of green food, the lard derived from them may contain appreciable 
amounts of this accessory. In Vegetable Tissues the fat-soIuble 
accessory occurs more abundantly in leaves than in the reserve 
materials, which are set aside for the subsequent nourishment of the 
embryo. Thus it is abundant in alfalfa (lucerne), clover, spinach 
and grass, and it is generally deficient in seeds, and in the Vegetable 
Oils which may be derived therefrom. The amount in seeds is not 
increased by germination, but the green leaves which are formed 
subsequently to germination are rich in this substance. If, however, 
the seedlings are etiolated by growth in the dark, no fat-soluble 
accessory is produced, while green leaves form large amounts even in 
water cultures. Lower plants which contain chlorophyll also sjmthe- 
size it; those which contain red pigment manufacture less, and those 
which contain no pigment concerned in carbon assimilation, such as 
the fungi, synthesize none. Similarly, it is almost absent from the 
leaves of etiolated cabbage and lettuce. 

Green leaves contain, besides Chlorophyll, yellow pigments (Xantho- 
phyll and Carotin), the presence of which, in green leaves, is masked by 
the coloration due to chlorophyll. The occurrence of the fat-soluble 
accessory appears to be associated with the presence of the yellow 
pigments rather than with the presence of chlorophyll itself. Thus 
yellow maize contains a far greater amount than white maize. Ripe 
peas of a green color contain more fat-soluble accessory- than peas of 
a yellow color, but the former also contain more yellow pigment, the 
presence of which is masked by chlorophyll. It is abundant in Toma- 
toes. In roots and tubers it is foimd in those which are colored, such 
as the carrot or sweet potato, but is lacking in those which are not 
colored. 

The color of animal fats is due to the presence of carotinoid pigments 
(Lipochromes) derived directly or indirectly from plants. In correspond- 
ence with the distribution of the fat-soluble accessory in vegetable 
tissues we find that in butter-fat and beef-fats there is a general par- 
allelism between their depth of color and their content of fat-soluble 
accessory. Nevertheless there is no exact proportionality between 
the two, and Cod-liver Oil, which contains an exceptional abundance 
of the fat-soluble accessory, also contains ver>" little yellow pigment. 
The accessory is therefore not identical with carotinoid pigments, 
although it is extracted from vegetable tissues by similar solvents. 
Carefully purified Carotixi is devoid of effect in averting the conse- 
quences of deprival of the fat-soluble accessory. 

The fat-soluble accessory is contained in the non-crystallizable 
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portion of the alcoholic solution of butter. This fraction was at first 
supposed to be practically free from phosphorus or nitrogen, but Funk 
and Macallum showed later that it contains appreciable quantities of 
nitrogen, although it has not been shown that nitrogen is invariably 
present in association with the fat-soluble accessory. Its abundance 
in butter is accounted for by the fact that it is about thirty times as 
soluble in Cream as in Skimmed MiUk, and hence the total quantity 
present in milk is shared about equally between the cream which it 
yields and the skimmed milk which remains after its removal. In 
green leaves it is not associated with the proteins, but is found in the 
non-saponifiable residue obtained after saponification of the fats. 
It is soluble in alcohol, benzene and ether, and on partition between 
alcohol and petroleum ether it passes with the carotin fraction into the 
petroleum ether, while the Xanthophyll fraction of tlie pigments, which 
remains in the alcohol, is free from the fat-soluble accessory. The 
addition of the crude alcohol and petroleum extract of dried carrots 
to a fat which does not contain the accessory confers upon it the 
power of protecting rats from the development of Xerophthalmia, which 
results from deficiency of the fat-soluble accessory in the diet. 

The substance is thermostable and is not destroyefl by heating to 
120° for twelve hours. If, however, it is simultaneously heated and 
aerated it is rapidly destroyed, and even at room temperature slow 
destruction occurs if solutions containing it are exposed in thin layers 
to the air. It is destroyed by Ultraviolet light in the presence of 
oxygen, but the destruction in this instance is due to the ozone formed 
by the action of the light upon oxygen. If the material is enclosed in 
quartz tubes in an atmosphere of carbon dioxide, ultraviolet light is 
without effect upon it. 

The fat-soluble accessory is essential for the Growth and Reproduc- 
tion of animals. Adult rats are able to withstand its absence from 
their diet for over a year without loss of weight, but if jireviously, in 
the growth period, they have been confined to a diet deficient hut not 
altogether lacking in it, then subsequently, when tliey are nearly 
adult, deprival causes, after some delay, a sudden decline of weight 
and ultimate death from apparent inanition or from inter<*urrent 
disease. When young animals which have lutlierto re<‘eive<l normal 
nourishment are suddenly deprived of this factor they <*ontinue to 
grow for a considerable period, but growth cannot be sustained, and 
arrest of growth is followed by progressive loss of weight. An amount 
of the factor which is just adequate to permit growth may not suffice 
to permit reproduction and it is not supplied to suckling young unless 
the mother is also receiving it. These facts unite in pointing to an 
ability on the part of ammals to store up reserves of this factor in 
their fats, upon which they are able to draw in order to supplement 
temporary deficiencies in the ration, so that with this assistance an 
allowance of the fat-soluble factor, which would not by itself suflSce 
for the animars requirements, may remain adequate until the acoumu- 
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lated stoi^ have been depleted, when its inadequacy is revealed either 
in the animal itself or in its offspring. 

Many other evidences of malnutrition, besides arrest of growth, are 
afforded by animals which are deprived of the fat-soluble accessor^’. 
A disease of the eyes, variously Imown as ^'Xerophthalmia,” "Kerato- 
malacia,” "Keratitis,” etc., occurs in from one-fourth to one-third of 
rats which have been deprived of this factor. It appears to be attribu- 
table to a weakened resistance of the tissues, which renders them subject 
to invasion by bacteria which are ordinarily innocuous. It is imme- 
diately curable on adding the missing factor to the diet. There are 
no histological changes other than ^ose due to infection, and no 
constant causative organism is found in the lesions. The prevalence 
of eye diseases in many countries and localities in which fats are 
commonly deficient in the diet may therefore not improbably arise 
from this deficiency. 

It has long been noted by physicians that children who have received 
an inadequate proportion of fat in their diet are especially prone to 
develop Bickets. Treatment of rickets by the administration of Cod- 
liver Oil has long been in vogue and with remarkable success. (See 
Chapter II.) 

It has been found possible by Mellanby to induce rickets in puppies 
by a diet containing inadequate amounts of milk, with white bread, 
linseed oil and yeast and orange juice (to supply the water-soluble and 
antiscorbutic accessories). The addition to the diet of whole milk 
in suflScient amount (5{X) cc per diem), or of cod-li\er oil, butter, suet, 
olive oil, lard, cottonseed oil, meat-extract or malt-extract prevented 
the appearance of rickets. The majority of these substances contain 
an abundance of fat-soluble accessory, although lard, olive oil, cotton- 
seed oil and the extractives have generally been found to be lacking 
or deficient in this factor Shipley, McC'oIlum, and co-workers also 
obtained a condition resembling rickets in rats (lepri\e<l of the fat- 
soluble accessory, although they are of the opinion that lack of this 
substance is not the sole etiological factor in the disease In the kitten 
It has been found that a diet deficient in the fat-soluble a<-eeNi>or\ , 
but otherwise adequate, produc*es emaciation and arrest of growth, 
with premature absorption of the Tli 3 rmus and characteristic* enlarg<‘- 
nient an<l congestion of the Costochondral Junctions, mciicati\c of 
deficient ossification. The animals develop a pendulous abdtmien, 
with thinness and lack of tone of the stomach and intestine, a cmi- 
dition W'hich somew^hat resembles "Cehac Disease” in children. Pigs 
and rats similarly develop enlargement of the costochondral junctions 
on a diet w’hich is deficient m the fat-soluble acc*essor\% but if the diet 
is otherwise adequate the rats do not develop rickets. 

The suggestion has been advanced that Rachitis, like the xerophthal- 
mia w’hich is know’n to arise in consequence of a diet which is deficient 
in the fat-soluble factor, may originate in the bacterial invasion of 
weakened tissues, susceptibility to bacterial infection being a very 
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characteristic feature of the rachitic conclitioii. Thus gastro-enteritis 
and pyelitis are frequently encouuteretl ainoiifr animals in receipt of a 
diet which lacks the fat-soluble factor. In the opinion of Pritchard 
however, rachitis is the ultimate outcome of a variety of dietary 
deficiencies, unless this outcome is anticipated by acute failure of 
maintenance or intercurrent disease. The complexity of the factors 
Vhich may enter into the etiology of rachitis is indicated by the fact 
that, as Hess has found, exposure of the skin to Sunlight has a remedial 
effect upon the disease. 

THE WATER-SOLTIBLE ACCESSORY YACTOB. 

Our knowledge of the water-soluble accessory originates in the 
discovery by Eijkmann that avian Polyneuritis, a disease resembling 
human Beriberi, can be induced in i>igeons by a diet of rice from 
which the husks have been removed by polishing, while the symptoms 
can promptly be cured by the administration of extrsicts preparcti from 
the husks. The prevalence of beriberi in the rice-consuming countries 
of the east was subsequently traced to the introduction of modern 
milling methods, involving the total removal of the husk and germ 
from the grains. The anti-neuritic agent was subsec^uently fouml by 
Punk and others to be exceedingly abumlant in Yeast, from which it 
can be extracted by alcohol after removal of the fats with ether. To 
Funk, also, we owe the term "Vitamin,” which should properly be 
applied to this accessory only. The identity of the antineuritic factor 
with the water-soluble accessory which is necessary for growth, cannot 
be considered to be completely established, but must be regardeil as 
highly probable. 

The water-soluble accessory occurs in leguminous seeds and in the 
" germ” of cereals. It is containetl also in malt-extract, potatoes, sweet 
potatoes, carrots and egg-yolk. It is absent from the sugar-beet and 
present only in small amount in Meat (muscular tissue) and meat- 
extract, although it is abundant in glandular tissues such as liver and 
kidney. MUk is inferior to yeast in its content of the water-soluble 
accessory, 15 cc of milk containing no more than the equivalent of 0 2 
gm. of dried yeast. In Seeds it is situated in the outer (aleurone) 
layer of the endosperm, and in the embryo or tlie portion of the endo- 
sperm which is immediately adjacent to the embryo. 

Most of our knowledge of the chemical properties of this substance 
is derived from experiments upon the antineuritic factor. Assuming 
Ais to be identical with the water-soluble accessory we may state that 
it is soluble in water and in acidified alcohol containing water. It is 
not soluble in ether or in absolute alcohol. The fractions with which 
it is assodiated always contain nitrogen. It is completely precipi- 
tated by Phosphotungstlc Acid and is removed from aqueous solution 
by a variety of absorbing agents, such as fuller’s earth, dialyzed ferric 
hydrate, hydrated aluminum silicate, animal charcoal, etc. It is not 
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destroyed by heating with strong acids nor by standing in tenth 
normal alkali for four days, but at 90® C. it is completely destroyed 
in one hour in tenth normal alkali. It is not affect^ by Ultraviolet 
Light, but is partially destroyed by radium emanation. 

It has been ascertained by Funk that several of the Purines and 
Pyrimidines have a mild curative action upon avian polyneuritis 
and his results have been conJSrmed by Chamberlain and Vedder. 
The active substance in rice polishings and in yeast is probably an 
organic base, since it resists hydrolysis by strong acids. It is precipi- 
tated by phosphotungstic acid and by silver nitrate and baryta, 
reagents which also precipitate pyrimidines. All active prepara- 
tions yield a deep blue color with the special mixture of phosphotung- 
stic and phosphomolybdic acids which Folin employs as a test for uric 
acid, and the depth of color is proportional to the content of vitamin 
as determined by the curative effect upon avian pol^meuritis. Williams 
and Seidell prepared an active cr^'stalline material which lost its 
activity on repeated crj^stallization. The inactive material was found 
to consist largely of Adesizie. On heating with sodium ethylate part 
of the antineuritic activity was regained, but pure adenine, similarly 
treated, does not display any antineuritic activity. A highly active 
crj^stalline fraction prepared by Funk consisted largely of Nicotmic 
Acid which, however, when pure, proved to be devoid of activity. 
This fact led Williams to investigate the effect of various Hydroxypy- 
ridines upon avian polyneuritis. Several of these possessed slight 
curative power w’hen freshly prepared, but upon standing they under- 
went a change of ciy’stallme form and the curative action then dis- 
appeared. Similar changes of crystalline form with loss of anti- 
neuritic activity have repeatedly been noted in attempts to purify 
vitamin. For this reason Williams suggests that the active substance 
is an isomeric (pseudobetaine) form of a substance relatetl to the 
hydroxypyridineb. Harden and Zilva, how’e\er, were unable to 
confirm his results The nature of the aeti\e substance is therefore 
not yet knowm, but the evidence which we possess points to its being 
a nitrogenous base which is similar in properties, if not in constitution, 
to the pyrimidine bases. 

The w’ater-soluble accessory is essential for the growth of young 
animals. The effect of its deficiency in the diet is much more rapidly 
evident than the effects of <leprival of the fat-soluble accessory . There 
is little ability to store it, or the store is not available for the satisfac- 
tion of the requirements of the tissues, and in consequence animals 
require vitamin throughout the duration of their lives It cannot be 
supplied to suckling young unless the mother is in receipt of it and the 
consequences of its depnval are very disastrous to the young, especially 
if the deprival is prenatal. That some slight storage occurs, how^ever, 
is indicated by the fact that the length of time an animal can survive 
deprival of it is proportional to the w^eight of the animal at the time 
at which the restriction is imposed, and also by the fact that the 
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tissues of pigeons which have been deprived of this accessory until 
death occurs, nevertheless yield an alcoholic extract which has a cura- 
tive eifect upon avian beriberi. The substance is contained in the 
milk of normal mothers, but, as we have seen, not very abundantly, 
and in fact appears to be hardly suflScient in amount for the require- 
ments of the young animal, so that addition of Teast to a milk diet 
usually promotes a more satisfactory growth. 

It has long been known that an excess of carbohydrate in the dietary 
aggravates the symptoms and promotes the onset of beriberi, and 
Funk has shown that excess of eitiber Fats, Carbohydrates or Protein 
accelerates death arising from deprival of the water-soluble accessory. 
This fact doubtless bears a close relationship to the experiments of 
McCarrison, who has shown that monkeys which have been fed upon 
autoclaved rice (lacking in all of the dietary accessories) lose weight at 
the rate of about 18 gm. per diem and die in twenty-three days. If, 
however, Batter Pat be added to the diet, thus replacing the fat-soluble 
accessory, the condition, so far from being improved, is actually 
aggravated by the development of Gastroenteritis. The animals lose 
weight twice as fast as those which are fed upon rice alone and die 
in fifteen days. McCarrison believes that a diet which is deficient in 
accessories and protein lays the organism open to infection by the 
bacterial flora inhabiting the lower intestine, while a diet which is 
exceptionally rich in carbohydrates and fats probably encourages the 
production of toxic substances by fecal flora. On the other hand, 
Findlay has shown that there is a definite disturbance of the carbo- 
hydrate metabolism in animals subsisting on a diet which is lacking 
in the water-soluble accessory, and that this is correlattHl with a defi- 
ciency of Glyoxalase in the liver Severe metabolic disturbaiu'c is 
also indicated by the fact that Creatinemia occurs in animals which 
are deprived of the water-soluble accessory. 

Other abnormalities of development besides mere arrest of growth 
are displayed by animals fed upon a diet which is deficient in water- 
soluble accessory. Thus Gametogenesis ceases and the animals are 
consequently sterile. The lymphoid tissues undergo atrophy, jire- 
mature involution of the Thymus occurs and the lymphocytes in the 
blood become greatly diminished, the polymorphonuclears remaining 
unaffected. It may be noted that both gametogenetic and lymphoul 
tissues are of a relatively undifferentiated type (vide Chapter XX). 

The question has been raised whether the “ Bios ” of Wildiers, which 
promotes the multiplication of Teast, may not be identical with the 
water-soluble accessory. Its solubilities resemble those of the water- 
soluble accessory, it is removed from solution by adsorbing substances, 
and at low concentrations its amount (or effect) is nearly proportional 
to the amoimt of water-soluble accessory as determined by experiments 
upon the growth of animals. However, in high concentrations a very 
remarkable and significant departure from the parallelism of these 
two substances is observed, for whereas the growth-promoting effect 
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of yeast extract for animals increases up to a nnft.-3nTn iTm with the 
amoxmt administered and further amounts are devoid of effect, the 
“Bios” effect upon yeast cultures increases to a maximum and then 
subsequently declines^ so that high concentrations actually inhibit 
multiplication. This, as we have seen, is what might be expected of 
a GrowtlL-catalyst ra^er than of a Growih-sabstrate. Furthermore, 
the watexvsoluble accessory is essential for the growth of animals, 
while the “Bios” is not essential for the multiplication of yeast, since 
a very slow multiplication occurs in its absence.^ This, again, is pre- 
cisely what we should expect to be true of the Autocatalyst of Growth. 
Moreover, extracts in which the water-soluble accessory has been 
destroyed by heating in alkaline solution preserve the “bios’* effect 
undiminished. Hence the “bios’* and the water-soluble accessory 
are not identical, the former being not improbably the Nuclear Auto- 
catalyst and the latter a substrate of growth. Considering the evi- 
dence pointing towards its relationship to the p^Tcimidines, its abun- 
dance in glandular tissues and comparative paucity in blood and mus- 
cular tissues, and the peculiar dependence of Spermatogenesis upon 
its presence in the diet, we may perhaps hazard the conjecture ^at 
the w^ater-soluble accessory is a substrate for nuclear synthesis. 

THE ANTISCOBBUTIC ACGESSOBY. 

It has long been a matter of common knowledge that Scurvy is a 
disease arising from a faulty diet, and the rapidity with which it is 
cured by a diet containing fresh Vegetables and acid Fruits w as com- 
mented upon very frequently by early navigators, and particularl\' 
by the narrator of Anson’s J^oyages. Two views, however, prevailed 
as to its origin, the one referring it to chronic poisoning or infectK>n 
from inadequately preserved meat or fish, the other to deprivation (»f 
some necessary" factor in the diet. The latter was <lemonstrated to 
be the true etiological factor in 1747 by Lind, a surgetm in the Britirsh 
Navy. He established the curative value of orange an<l lemon juice 
and he also showred that cider possesses some meabure of curative value, 
although inferior to that of orange or lemon juice 

Experimental scurvy w’as first induced in guinea-pigs 1>\ HoUt 
and Frolich by removing green food from the dietarv and sui^plying 
the animals with grains and w'ater only. Scurvy couhl be ijre\eiite<l 
by the daily addition of 30 gm. of a variety of fre^h raw leaver, roots 
or berries, but cooking greatly reduced their antiscorbutic value, and 


^ Of course the presence of associated traces, tramjnitted from culture to culture as a 
contamination, cannot be absolutely excluded, and indeed the origin of the non-essen- 
tiality of the autocatalyst of growth resides m the fact that it is contamed m and manu- 
factured by the cells themselves But the animal soon consumes its internal supplier of 
water-soluble accessory and is then unable to maintain itself If the uon-essentialxty 
of water-soluble accessory for yeast be attributed to its ability to synthesize it, then for 
same reason, it may not require it at all, and the fact that the **bios” effect is undi- 
mmished in heated alkahmzed extracts shows this to be the case. 
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dried vegetables were found inadequate to protect the animals. The 
juices of acid fruits proved very effective, but it has since been shown 
that the presence of antiscorbutic factor in aci<i fruits is not invariable, 
for it is very deficient in the juice of the “ lime.” The most valuable 
antiscorbutic foods are raw cabbage-leaves, the raw juice of “ swede” 
turnips, the juice of oranges or lemons, and the tomato whether cooked 
or raw. The antiscorbutic accessory is absent from seeds, but is pro- 
duced during germination, a fact which indicates a ready means of 
preventing scurvy where fresh vegetables or fruits are not accessible. 
Sun-dried vegetables retain a certain measure of antiscorbutic value, 
which is further reduced ‘by cooking, but factory-dried vegetables are 
entirely devoid of value. 

Among products of animal origin, raw beef juice has' no demonstrable 
antiscorbutic value. Milk is very deficient in antiscorbutic accessory, 
the amount present being barely sufficient to provide the needs of the 
infant or young animal. Since cooking or drying greatly diminishes 
the content of this accessory it follows that infants fed exclusively upon 
cooked or dried milk or artificial foods must be supplied with raw 
orange or lemon juice or, failing these, “ swede” turnip juice or tomato 
juice, otherwise scorbutic symptoms arise which, even if they are not 
immediately recognizable as such, produce severe disturbances of 
nutrition and arrest of Growth. 

In alkaline or neutral solution the antiscorbutic accessory is very 
rapidly destroyed by heating. It is much more slowly destroyed by 
heating in acid solution. Tomatoes do not wholly lose their anti- 
scorbutic value by heating, sterilizing, drying or keeping. About 
one-fourth of the antiscorbutic value is retained even after canning at 
16 pounds’ steam pressure for thirty minutes, consequently commercial 
canned tomatoes contain the antiscorbutic factor. According to 
Delf, cabbage juice loses J of its activity in twenty minutes at the 
temperature of boiling water. “Swede” turnip juice loses and 
orange juice less than f of its activity under similar conditions. The 
superior stability of Orange Juice is stated not to be wholly due to its 
acidity, although an alkaline reaction greatly accelerates the destruc- 
tion of the antiscorbutic factor by heat. Hence the common domestic 
practice of adding carbonate of soda to green vegetables while cooking, 
to preserve their color, results in practically complete destruction of 
thmr antiscorbutic value, a fact which may assume considerable prac- 
tical importance in some cases where the diet is limited in variety and 
contains but little fresh fruit or raw salads. 

The antiscorbutic accessory, unlike the water-soluble accessory, 
is not “adsorbed” by fuller’s earth or dialyzed iron. It is also not 
destroyed by TUtxaviolet Light (or the ozone produced by its action 
upon oxygen). The substance is diffusible and readily passes through 
a parchment dialyser. 

The immediate effect of deprival of the antiscorbutic factor is arrest 
of growth in young animals, followed later by soreness and tenderness 
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of the joints and muscles, swelling of the joints and hemorrhages into 
the skin and frequently in the intestine. The gums become swollen 
and painful and the teeth are loosened. If an amount of antiscorbutic 
accessory be administered which is just sufficient to prevent the devel- 
opment of scorbutic symptoms, growth is nevertheless delayed, and 
there are indications ^at the utilization of the fat-soluble accessory 
is imperfect. Conversely, it has been ascertained that if the diet is 
deficient in other respects, as in Proteiii, loorgaiiic Salts or Fat-sdlnble 
Accessory, a larger ration of antiscorbutic accessory is required to 
permit the maximum growth and well-being attainable on the diet. 
The incidence of scurvy varies in different animals, and rats and mice 
appear to be immune. At all events, rats have been repeatedly fed 
upon diets lacking antiscorbutic factor for prolonged periods in the 
course of experiments directed to the protein requirements or the 
fat-soluble or water-soluble accessories. No manifest retardation of 
growth in these animals due to the absence of the antiscorbutic factor 
has been observed. It is not yet known whether this comparative 
immunity is due to a real difference of physiological requirements, 
or whether, on the contrar2^', it arises from a superior power of storing 
the factor, so that sufficient is available in the tissues to tide over a 
long period of deprivation. T>p>ical scurv^’y has been observed in 
pigs deprived of raw vegetables, which proved curable upon admission 
of ra'w swede’' turnips to the diet. 

GENERAL CONSIDERATIONS RELATING TO THE ACCESSORY 

FOOD FACTORS. 

The earlier workers upon the subject of accessor^' diet factors were 
ver\' much impressed by the minuteness of the quantitites which 
sufficed to maintain the health of animals, and by a natural association 
of ideas the impression arose that these substances were not nutriti\e 
in the sense of supplying materials for the manufacture of protoplasm, 
but rather “stimulative” or “catalytic” There is little e\idence for 
the catalytic theoiy^ other than this slight analog^' and much against 
it. Thus a Catalyzer is not consumed in the process which it accel- 
erates,^ and this indeed is the fundamental reason f(.>r the minute 
quantity of catalyst which is frequently sufficient to bring about large 
measures of transformation. The reaction accelerated proceeds more 
rapidly the greater the amount of catalyst provided and in direct pro- 
portion to it, but, on the contrary, after a certain maximum of growth- 
rate or w^ell-being has been attained no further benefit is secured by 
increasing the supply of any of the dietar\' accessories. On the other 
hand the “ stimulative” theory’' is very vague and can only be the given 
definite meaning if the nature of the processes conceived under the 

1 An autoccUcdyU i& consumed m the reverse reaction to that which produces it, but 
since the animal tissues are unable to produce the accessory foodstuffs this possibility 
need not enter into our consideration. 

39 
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term " stimulation” is defined. Little doubt can be entertained that 
the accessory foodstuffs actually enter into the manufacture of sub- 
stances produced by tissues, whether these are structural elements of 
protoplasm, or substances elaborated by them (for example, Ehuymes) 
in tixe performance of their functions, or substances elaborated by a 
relatively small mass of specialized tissues for the advantage of the 
whole organism (for example. Hormones). Having reganl to the 
extremely small quantities of certain hormones which suffice to achieve 
their characteristic effects, the latter supposition will appear to many 
the most probable. But it must not be forgotten that mere minute- 
ness of amount is by no means proof that a substanc'c does not enter 
into the composition of the protoplasm of every cell. Thus the daily 
loss of Iron from the body of a man is but 10 mg. and the total amount 
in the body is only about 8 gm. The greater part of this is contained 
in the hemoglobin, yet the universal occurren<*e of iron in the nuclei 
of cells has led many to assume that it forms an essential (X)nstituent 
of protoplasm. Even more striking testimony to the smallness of 
the amount of substances which may invariably mx'ompany life is 
afforded by Manganese, of which traces appc'ar to be pn.*sent in all 
higher animal and vegetable tissues and which is crt’^lited by some 
investigators with important functions in the life of the <*oIl. Oxidizing 
enzymes are found in every cell and may therefore fairly be rt'garded 
as essential constituents of protoplasm, yet their amount is ]>robab]y 
very small. The Cystine-Glutamic Acid Dipeptid isolated by Gow- 
land Hopkins from a great majority of tissues is credited by him 
with important functions in the oxidation of the cell, yet its amount 
is but 0.01 per cent of the weight of the tissues 'rhe <laily wastage 
of a protoplasmic constituent of this charac'ter might be very alight, 
and yet its replacement might very well be essential to the maintenance 
of the organism. 

Finally, we are not possessed of any evidence which contrin-erts the 
view that the hormones themselves may exert their actions by entering 
into the composition of the cells which they affect On the other hand 
the ability of animals to “ store up” excess of food accessories, ])articu- 
larly the fat-soluble accessory, affords a complete analogy to the 
storage of excess of other foodstuffs, namely, fats and carbohydrates. 
The idea that the accessory foodstuffs contribute any aiqircciable 
energy (fuel value) to the body need not of course be consnlerwl, but 
we have no reason to doubt, and every reason to believe, that they 
comprise raw materials for the manufacture of essential constituents 
of protoplasm, or products which are necessarily consumed in the course 
of its formation or repair or in the performance of its functions. 

When we consider the multitude of organic compounds which are 
contamed in the body of an animal, the great variety of inter-reactions 
in which ihey participate, and the limited synthetical power of animal 
tisi^ues, it is not a matter for surprise that organic dietary constituents 
i^uld be required in addition to those necessary for the supply of 
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energy or the manufacture of protein, but that they should apparently 
be limited in number to three. One is led to inquire whether additional 
accessories may not yet await discovery. It is true that aTiimfl.TR have 
been maintained in health for long periods upon diets which are 
believed to contain no other than the three ascertained accessories, 
but we must remember that had we been limited to the investigation 
of the dietary requirements of the rat we would have inferred that the 
essential dietary accessories are but two in number, had we been limited 
to the pigeon, we would have discovered but one, and in similar 
fashion others may as yet have escaped our notice. The ability to 
store up dietary requisites to be expended when necessary in satis- 
fying subsequent requirements enables an adult rat, for example, 
to withstand d^rival of the fat-soluble accessory for periods exceeding 
a year, or one-half the normal duration of its life. Accessories are 
transmitted to the young through the circulation, and subsequently 
through the mammajy secretion of the mother and the examples 
already familiar to us suggest the possibility that accessories may 
exist -which would require one or two or even more generations to 
exhaust. The fact that the effects of unusual foods or even lack of 
food have, in the case of insects at least, been traced for two or three 
generations after readmission of the normal diet, indicates that 
nutritive acquirements or deficiencies may exert effects extending 
far beyond the individual immediately affected. This aspect of the 
problem of the adequate dietary has been especially' emphasized by 
McCollum, and from this point of view he and his co-workers are 
conducting experiments which extend over a series of generation^. 
Experiments of this character wdth purified foodstuffs are essential 
before we shall be enabled, beyond doubt, to certify that we ha\e 
ascertained the full dietary requirements of an animal 


THE INFLUENCE OF SPECIAL AGENCIES UPON GROWTH. 

The Autocatalyst of Growth or “Bios” cannot be an ebseiitial i*on- 
stitueiit of the dietary' in the sense in w'hich the g^o\^th-^llb'^trate> are 
essential, for it is of endogenous origin and a iieceN&ary’ ]>rodiict of 
Nuclear Synthesis. Xor is it even essential that it should he present 
in the pericellular medium, provided only' that the \olunie t>f the 
medium is not too great in proportion to the number of cells which 
inhabit it, for in that event the dispersal of the autocataly'st at the 
moment of nuclear division might conceivably' reinler it so <!ilute as to 
invoh e virtual cessation of nuclear sy'nthesis 

We do not know that the higher animals receive any’ nuclear auto- 
cataly’-st or “ bios” from their diet at all. It is highly probable that 
they do not, for in that event purified dietaries w'hich are otherw'ise 
adequate w'ould induce disturbances of grow'th w'hich, as a matter of 
fact, do not occur. In other words, we must infer that just as it fails 
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to traverse the intact nuclear membrane, so also it fails to penetrate 
the assimilative surfaces of the animal. 

Nevertheless it is quite conceivable that other substances which do 
succeed in gaining entry to the circulation might motiify the pericel- 
lular concentration of autocatalyst by combining with it, or by increas- 
ing or diminishing its relative solubilities in the cells and the pericel- 
lular medium. Such substances might be expected to exert effects 
upon growth altogether disproportionate to their nutritive (i. e., calo- 
rific) value and we would, moreover, expect their effect to be displayed 
even when they are superadded to an already varie<l and abundant 
diet, whereas, in normal animals, provided all of the growth-substrates 
are present in the dietary in abundance, the addition of a particular 
substrate in excess merely leads to enhanced exogenous metabolism 
of that foodstuff, and not to enhanced utilization for tissue-building. 
Substances of this character would, in fact, modify growth in a cata- 
lytic manner, not necessarily by their direct effect upon nuclear or 
cytoplasmic synthesis, but by reason of the alterations, local or general, 
which they may induce in the concentration or distribution of the 
endogenous Autocatalyst. 

Several substances have been found to influence the rate of gi'owth 
of animals and of individual tissues in this manner. For example, it 
has been shown by King that the growth of tadpoles is decidedly 
accelerated by the oral administration of Lecithin. Pigmentation of 
the skin is inhibited, even when the diet, in the absence of lecithin, 
would be such as to promote an unusual degree of pigmentation. The 
administration of lecithin to mammals, by mouth or subcutaneously, 
leads to a retention of sulphur, phosphorus and nitrogen, and the 
urinary output of uric acid is diminished, all inilicating an excess of 
anabolism, or tissue-synthesis, over katabolism or tissue-breakdown. 

The fact that emulsions of lecithin in water are capable of holding 
in solution or suspension a variety of substances whicli arc otherwise 
insoluble, as, for example, the higher fatty aculs and Cholesterol, renders 
it a difficult matter to ascertain whether the effects which have been 
enumerated, as well as those about to be described, are due to lc(*ithin 
itself or to associated impurities in the preparation employed. In 
none of these experiments was the lecithin subjected to any very elab- 
orate degree of purification, and, furthermore, it was almost invariably 
associated with Cephafin, since it was prepared by ether-extraction 
from yolks of eggs. We are, therefore, uncertain at the present moment 
whether any or all of the metabolic and growth-effects which have been 
ascrib^ to lecithin are in reality attributable to this substance or to 
cephalin, or, on the other hand, to associated impurities which may 
separately exert diverse effects. It will be recollected that Devloo 
found “bios” associated with lecithin (Chapter XX), but it appears 
highly improbable, from what we know of the properties of this sub- 
stance, that it is identical with lecithin. We should infer, rather, that 
this substance is readily absorbed or dissolved by lecithin, and hence 
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tends to become associated with it during the processes employed in 
the separation of crude lecithin. The potency of this substance, in 
comparison with its mass, precludes, indeed, the idea that it may be 
identical with lecithin, but the probable presence of bios” in the pre- 
parations which were employed in the experiments must constantly 
be borne in mind. 

If lecithin is added to sea-water in which sea-urchin {Strongyloeen- 
tratus) embryos are undergoing development, their further development 
is inhibited. The experiment cannot be performed until the embryos 
have escaped from the chorion, because this membrane is dissolved by 
lecithin and the cleavage-cells tend to fall apart, so that development 
is hindered for purely mechanical reasons. If, however, the embrj'os 
are exposed to sea-water containing 0.17 per cent of lecithin at about 
twenty-four hours after fertilization, when they are free-swimming 
blastulse, the inhibition of development is remarkable. In fact, after 
the preliminary stages of gastrulation (which do not occur until normal, 
untreated larvae have developed into plutei) an actual Beversion of 
Development appears to take place, the Archmteron disappears and a 
somewhat enlarged blastula is reformed, which survives for some time, 
but never develops any further. It is very evident that, so far from 
being facilitated, as in the tadpole, the development of the sea-urchin 
at this early stage is decidedly inhibited by lecithin. 

Now we have seen that the catalyst in any autoeatalytic reaction 
has the peculiar property of accelerating the reaction at one stage 
(during the Autokinetic Phase) and retarding it at another (the Auto- 
static Phase). Hence the discoveiy of a substance capable of exerting 
totally opposed effects upon growth gave rise to the supposition that 
lecithin itself might be the nuclear autocatalyst of gro\^i:h. The con- 
siderations which we can now perceive to be opposed to this opinion 
are the same as those which militate against the view that the “biot»” 
of Wildiers is identical with lecithin. Its distribution is not identical 
with or proportionate to that of lecithin. The “bios’" is demonstrable 
in extracts of tissue, and the autocatalyst is demonstrable in culture 
fluids which contain exceedingly small quantities of any pho&pholipin, 
while the potency of lecithin is not at all of the magnitude we w ould 
expect if the active material in these extracts and culture fluids con- 
sisted of the traces of phospholipin which they presumably contain. 

But when we recall the tendency of “bios” to be associates! with 
lecithin and reflect upon the fact w’hich this implies, that the “ bios,” 
or nuclear autocatalyst is soluble in lecithin, then it appears w e have 
a clue which may enable us to interpret the peculiar diversity of the 
effects of lecithin at different stages of grow^th. If we suppose that 
lecithin extracts the nuclear autocatalyst from the embiy'o of the sea- 
urchin and from the tissues into the circulation of the tadpole, then 
in each case a reduction of the pericellular concentration of autocata- 
lyst must occur. At the very early stage of development represent^ 
by the sea-urchin blastula or gastrula, the cells are most probably in 
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the aiitokiuctH! plmsi' of the growtli-curve, and reduction of the auto- 
catalyst-lcvel in their jKjrioolIuIar Hiiids must very greatly retard 
their development or oven mider it impossible. In the same way we 
can understand the fact that lecithin retards the multiplication of 
isolated infusoria. In the tadpole, which represents a more advanced 
stage in 'Ae curve of autocatalysis, nuclear synthesis has probably 
attained the autostatic phase, and reduction of the nuclear auto- 
eatalyst in die pericellular fluids must accelerate development.' 

The injection of lecithin emulsion directly into the substance of the 
tumors decreases the rate of growth of the Flexner-Jobling Carciiuniia 
in rats. This rapidly growing tissue, in which mitoses are frequent, 
is maintained in the autokinetic phase by the brevity of the intervals 
at which the nuclei are enabled to discharge their accumulation of 
autocatalyst, in consequence of the small nuclear ratio necessary to 
enable cell division to occur. Withdrawal of the Nnclear Autocatalyst 
into an external lipoidal phase, therefore, retards the rate of multipli- 
cation of the cells of the neoplasm. The retardation is not very marked 
however, and is valueless therapeutically. Thus the delay in the in- 
crease of the diameter of the primary tumor is not comparable with 
the acceleration which may be produced by Cholesterol, and it is chiefly 
manifested in the diminution of the number and rate of growth of the 
metastases. 

The oral administration of lecithin to mice in doses of 80 rag. per day, 
begixming at four weeks after birth, leads to a decided retardation of 
growth, amounting, both in males and females, to six times the “prob- 
able error” of the difference between the animals which received the 
lecithin and the controls, chosen without selection from the offspring 
of the same breeding stock, which received the same diet without the 
addition of lecithin. It is not easy to interpret this rc.sult, the more 
especially because it is highly uncertain what proportion, if any, of the 
lecithin administered by mouth is actually absorbed into the circulation 
as such, since lecithin is very readily split by pancreatic lipase. If a 
large proportion of the lecithin is split, then the absorjitiou of Choline 
might conceivably exert a toxic effect. In this uncertainty the origin 
of the contradictory results obtained with tadpoles and with mammals 
caimot at present be indicated. 

The administration to the mother, in dosage of 100 mg. per day, 
induces a very dight retardation of the growth of the suckUng young. 

_A noteworthy effect of administering large quantities of lecithin to 
mice is an increase of their susceptibility to infection. Superficial 
lesions which in normal animals almost invariably heal rapidly, ulcer- 
ate in the lecithin-fed animals, and the outcome is not infrequently 
fat^. Whether this is due to a genuine retardation of repair, or merely 
to intoxication by dholine, or to some other as yet unknown effect of 

^ Lecithin, being a colloidal substance, would not readily leave the circulation unless 
previous modified by chemical changes. Thus it does not penetrate the fertilization 
membrane of the Bea-urchm egg unless it is sufficiently concentrated to dissolve it. 
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lecithin, cannot at present be definitely established, but it will be 
noted that wound-repair normally involves the production of relativdy 
differentiated tissues- 

Against the view that the above effects ntay actually be attributable 
to Cephalin rather than to lecithin may be cited the fact that nervous 
tissue which has been thoroughly exhausted by repeated extractions 
with acetone is devoid of effect upon the gro'w^ of lie white mouse, 
even when administered in very large doses. The tissue thus prepared 
retains the greater part of its cephalin. 

Attention was first drawn to the action of Cholesterol upon growth 
by the remarkable effect of administering this substance, in relatively 
large dosage, to rats which have been inociilated with Flexner-Jobling 
Carcnnoma. The administration of emulsified cholesterol by direct 
injection into the primary tumor greatly accelerates its growth. While 
the incidence of metastases is not increased in these experiments their 
rate of growth in those cases in which they do occur is much enhanced 
by the administration of cholesteroL 

This observation was subsequently verified in a striking manner by 
Sweet, Corson-White and Saxon. They employed for the purpose a 
strain of Flexner-Jobling carcinoma which had never been known to 
yield metastases. The animals, after inoculation, were fed upon a 
diet to which cholesterol had been added to the extent of 200 mg. per 
week. No less than 104 out of 116 animals which were thus treated 
developed Metastases, or secondary growths at points remote from 
the site of inoculation. 

An important relationship of cholesterol to the growth and meta- 
static tendency of carcinoma is thus rendered evident, nor is the signifi- 
cance of the result in any way diminished by the fact that on a diet 
deficient in Lysine the formation of metastases did not occur, even when 
cholesterol was added Naturally, cholesterol could not be expected 
to take the place of this essential factor in the synthesis of protoplasm. 

Now it has been sho\^n by Wacker that the cholesterol content of 
the fatty deposits in the subcutaneous tissues and mesenteries of per- 
sons w"ho are afflicted with carcinoma averages no less than 66 per cent 
greater than the cholesterol content of the fatty deposits in normal 
persons An increase in the cholesterol content of reserve-fats was 
also noted by Wacker in very aged persons and in persons afflicted 
with Tuberculosis or Diabetes. An increase of cholesterol in the blood 
of diabetics has also been noted by Bloor, and as the outcome of numer- 
ous analyses of the blood of carcinomatous and non-carcinomatous 
subjects, Luden finds that the percentage of cholesterol in the blood is 
increased in carcinoma, while the proportion of cholesterol-esters is 
even more than proportionately reduced. The cholesterol content of 
the blood is also increased in Syphilis. 

Now the excretion of cholesterol appears to be effected solely by the 
channel of the Bile and a large proportion of the cholesterol thus dis- 
charged is reabsorbed. The mechanism for the excretion of unchanged 



610 


THE RELATIONSHIP OF GROWTH TO DIET 


cholesterol is therefore very imperfect. Presumably some other 
means exists, at prcKsent unknown, of redueiuf? the <*h<)lesterol content 
of the body, for otherwise we would rapidly aeeumulatc cholesterol to 
the very great detriment of the welfare of our tissues. If, however, 
advancing Senescence of the tissues should reduce the ability of certain 
organs to destroy cholesterol, such accumulatioii might readily occur, 
and the increased proportion of cholesterol in the fatty tissues of aged 
individuals is not improbably attributable to this source. The above- 
described experiments, however, demonstrate that such a condition 
would be favorable to the rapid growth of carcinoma and to the for- 
mation of metastases. That this is not the only factor which is con- 
cerned, however, is shown by the fact that diabetics and syphilitics 
do not necessarily develop carcinoma, and, furthermore, by the fact 
that the administration of cholesterol to mice in large (loses (40 mg. 
daily) throughout the duration of their lives, does not in the least 
degree increase the percentage of animals which xiltiinately develop 
carcinoma. This is, indeed, what we should expect, for the condition 
essential for the imtiation of a malignant neoplasm is the possession by 
certain cells of an inherited variability, resulting in the production of 
cells of very low nuclear ratios. A condition favorable to the growtli 
of a tumor, therefore, would not suffice, by itself, to initiate new growths 
which would not otherwise occur. The accumulation of cholesterol 
in the blood and tissues of aged individuals, however, may x^ossibly 
affect our estimate of the age of incidence of carcinoma. It must be 
recollected that the estimation of the age of incidence of a tumor is 
limited by the possibility of diagnosis. In other w^ords, the necessary 
conditions precedent to the initiation^ of tumor-growtli may conceiv- 
ably be present long before the neoplasms attain dimensions sufficient 
to permit their diagnosis. Any condition, therefore, which favors 
rapid growth in neoplasms once initiated may play an important part 
in determining our estimate of the age of inci(lence. 

The addition of emulsified cholesterol to the culture medium very 
decidedly accelerates the reproduction of isolated infueona, so that 
here, again, as in the case of lecithin, the effect upon the multii>lication- 
rate of isolated infnsoria is similar to the effect upon the growth of 
c^cinoma. 

The effect of cholesterol upon the growth of carcinoma is (fependeiit 
upon its ability to form emulsions in water containing soaps or other 
lipoids. The integrity of the hydroxyl group is essential to the effect. 
(See Chapter V.) Thus Acetyl Cholesterol and Cholesteryl Chloride, 
in which the hydroxyl group is replaced by acetyl and chlorine respec- 
tively, are devoid of any accelerative effect upon the growth of car- 
cinomata. At the same time these compounds fail to form emulsions 
in hot Sodium Oleate solutions. Increase of the number of hydroxyl 
groups in cholesterol enhances its emulsifiability and leaves its effect 
upon the multiplication of isolated infusoria unaffected. On the 
other hand, Meta-cresol, Benzyl Alcohol, Hezahydrophenol and Inositol, 
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substances containing one or more hydro^l groups asso(^ted with 
an aromatic nudeus, are all devoid of effect upon the growth-rate of 
inoculated carcinoma in rats. 

The accelerative effect of cholesterol is therefore, in all probability, 
not directly attributable to its hydro^-benzene radical, but since the 
presence of the hydroxyl group is essential for the emuldfication of 
the substance and it can only be distributed among the tissues in the 
form of an emulsion, the int^rity of its hydroxyl group is essential to 
enable cholesterol to readi the tissues whi^ it affects. 

The effect of cholesterol upon the growth of white mice when 
administered in doses of 40 mg. daily consbts of very great initial 
retardation (fomrth to twelfth week) followed by a slight compensatory 
acceleration which never enables the animals to attain normal dimen- 



Fio 48 — Influence of cholesterol upon the growth of male -white mice Dosage, 
40 mg per day The ^e^tIcal cross-mark indicates average duration of life 


sions (Fig. 48). The difference of weight between the cholesterol-fed 
animals and the normal animals is, during the first twenty-six weeks 
after initiation of the diet at four weeks, no less than from 6 to 6.0 
times the probable error of the difference, while subsequently it varies 
between 2.5 and 4.5 times the probable error. 

This is, of course, in harmony with the expectation we would form 
if the accelerative action of cholesterol upon the multiplicative rate 
of inoculated infusoria and carcinoma cells were due to an effect 
tantamount to an increase of the nuclear autocatalyst in the pericel- 
lular fluids. We need not on that account assume that the nuclear 
autocatalyst is, in fact, cholesterol. The quantitative relations, as 
in the case of lecithin, display the falsity of any such assumption. 
The amount of cholesterol required to elicit its effects is far greater 
than we have reason to suppose it would be if cholesterol w'ere the 
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imcleur autocatulyat. There in, furthermore, no (‘vi<lonc*e that animal 
cells are able to manufacture cholesterol. Its relationship to the ter- 
peues strongly suggests n vegetable origin. Again, ehol<.*sterol is 
insoluble in water and can only be contained in atpioous media in the 
form of colloidal indiffusible emulsions, while the occurrence of Allelo- 
catalytiLc Effect shows that the nuclear autocatalyst is soluble in water 
and diffusible. Yet, on the other hand, very highly purified cliolesterol 
exerts undiminished effect upon the multiplicative rate of infusoria, 
so that although we are in doubt whether the effects of lecithin are 
really due to lecithin or are not, rather, due to some associated impurity, 
in the case of cholesterol we can hardly entertain any such doubt. 

There are a number of ways in which cholesterol might be conceived 
to alter the autocatalyst level in the pericellular fluids. For example, 
by preventing the solvent action of lecithin, or by exerting an effect 
of its own upon nuclear synthesis, resembling, but not identical with 
the effect of the nuclear autocatalyst itself. For the present there 
is little purpose in attempting to distinguish between these and other 
possible alternatives, for we lack the information ncct*8sary to make a 
choice among them. 

If one and a half volumes of anhydrous ether are added to an alco- 
holic extract of dried Pituitary (Anterior Lobe) Tissue, a flocculcnt pre- 
cipitate is obtained which, after washing and drying with minimal 
exposure to the air, forms light cream-colored cakes which are readily 
pulverized. The material thus prepared is exceedingly hygroscopic 
and very readily takes up oxygen and darkens. The iodine-number 
is simultaneously diminished. This oxidation is accelerated by trace.s 
of water vapor — a combination of qualities which renders the jircjiara- 
tion of the material a matter of exceptional difficulty and necessitates 
the most scrupulous care in avoiding contamination by water vapor 
or esposure to air while drying. It is not known, however, whcllaer 
the physiological effects of the substance, which are about to be 
described, are adversely affected by oxidation or not. 

There is nothing to show that this substance is a chemical individual. 
It may be a mixture of substances, and, in fact, the phosphorus which 
was originally supposed to be an essential constituent has now been 
found to arise in part from an admixture of phosphate, which may be 
removed by adequate purification without any loss of physiological 
activity. Although the method of preparation suggests probable 
contamination by laositol, the imdecomposed substance does not 
yield the color reactions of inositol. Nevertheless, after hydrolysis, 
not only may Scherer’s reaction be obtained in the mixture of resultant 
products, but crystalline inositol has been separated from them and 
identified by its melting-point. The hydrolyzed substance also causes 
contraction of the virgin guinea-pig uterus, while the unaltered mate- 
rial has no effect upon the uterus. (Chapter IX.) The substance itself 
exerts no immediately obvious physiological effects when injected 
intravenously, beyond a slight fall of blood-pressure which is possibly 
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attributable to contamination by the depressor substances which are 
found in a wide variety of tissue-extracts. From its eifect upon the 
growth of animals this substance has been designated Teihdin {rdBu'ktas 
= growing). The content of tethdin in the Fitoitazy Gland of the ox 
b, in the average, 10 mg. The substance is completely soluble in water. 

The addition of tet£elin to hay infudon very greatly accelerates 
the division-rate of infusoria (Enchelys) which are isolated into it. 

The subcutaneous administration of tetbelin to rats which are 
inoculated with Flexner^obling carcinoma leads to an extraordinary 
acceleration of the growth of the neoplasm (Fig. 49). The proportion 
of metastases is also increased. Erom this and from the effect upon 
the multiplication-rate of isolated infusoria, we may infer that the 
Autokmetie Hiase of growth is accelerated by tethelin. 



Ficr 49 — The acceleration of the growth of carcinomata uu ratss» hy hypodermic 

administrations of tethehn 

The effect of tethelin upon the growth of animals is complex and 
varies greatly with the period and duration of the administration. 
The grnnll proportion which is contained in the anterior lobe of the 
pituitary' body permits the administration of quantities equivalent 
to an amount of anterior lobe tissue w’hich would be impracticable to 
administer to such animals as mice. The effects are therefore similar 
in kind, but greater in extent than those which are obtam^ by the 
administration of fresh anterior lobe tissue.^ (Chapter XX.) /They 
are illustrated in the accompanying chart (Fig. 50), from which it will 
be seen that the first effect (four to fifteen weeks) is a noter^'orthy retar- 
dation of total g^wth, followed by an acceleration which partially, 
but never wholly, compensates for the initial retardation. 
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The late effects are, however, of even greater interest. 1 hiring the 
period lasting from tlie fortieth to the one ImiwlrtMl and tenth wee^ 
of life in male iniee, and from the thirtieth to the one humlretith 
wedk of life in the females, the growth-curve of tethelin-fed animals 
is a straight line which is only very slightly inelined upward. That 
is, a very slight accretion is occurring at an absolutely uniform rate. 
In normal animals the line is more curved and its slope is greater, in 
other words, more accretion of physiologically differentiated tissue is 
occurring late in life. Corresponding to this delay of physiological 
differentiation the duration of life of the tethelin-fed animals is con- 
siderably greater than the Duration of life of the controls (eighty to 
one hundred days in excess of the normal duration of seven huiuired 
days). 



Fig. 60 — Influence of tethelin upon the growth of male wlxitc xui<*o Tlit* vcxtical 
cross-mark indicates average duration of life 

Conditions analogous to human Acromegaly and Gigantism (see 
Chapter XX) have been experimentally induced in mice by the admin- 
istration of tethelin. When this substance is administered m doses 
of 4 mg. daily from the fourth week of age, the animals, although in 
the average smaller than normal animals, become remarkably compact 
in build. Weight for weight they are smaller, but size for size they 
are much heavier than the normals. The contours of their surface 
are more rounded and youthful and, most remarkable of all, their coats 
retain, even at fourteen months of age, the glossy, silky appearance 
of the coats of young animals (stimulation of the growth of hair), 
while six months or more prior to this age the coats of normal males 
are already shaggy, staring and discolored. 

These differences are clearly displayed in the accompanying photo- 
graph (Fig. 51), in which a normal and a tethelin-fed male of the same 
age (one year) and of the same weight (28.0 gm.) are compared. The 
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normal animal on the left has a shaggy, staring and discolored coat, 
while the tethelin-fed animal has a smooth, glossy and pure white coat. 
The normal animal is irregular in outline and loosely built, while the 
contour of the tethelin-fed animal is rounded, and its build is compact 
and stocky. It is obviously shorts than the normal animal of equal 
wdght. 

The continuous administration of tethelin appears to prevent 
gigantism through acceleration of the hardening of the Epipihyses, so 
that the body becomes confined to a small frame and all that subse- 
quent growth can accomplish is to enhance the bodily density. Or, 



Fic, 61 —Comparison of a normal (left; and a tethelm-fed ineht) male white mouse, 
both one >ear old and grnms m weight ^ote the smooth coat and compact form of 
the tethelin-fed mouse as contrasted with the loose form and rough coat of the normal 
animal. 


to express the effect in more general terms, the faxoring of (relatively) 
undifferentiated tissues prevents the development of physiologically 
differentiated tissues xxhich vould normally complete the growth of 
the animal. The resultant condition is as near to human acromegaly 
as we could expect it to be in an animal which differs so widely from 
man in its external aspiect as the mouse. 

If, however, the administration of tethelin is confined to the pre- 
adolescent period, results of a veij* different character are obtained. 
These effects may be elicited by administering tethelin (4 mg. per day) 
from the fourth to the twelfth w’eeks of age and then discontinuing 
the administration. The growth of these animals in comparison with 
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that of nonnala is characterised by excessive late accretion of tissue, 
and their external ai)poaranc‘e at five hun<ire<i days of a|fe is compared 
in the accompanying photograph (Kig. 52). The increase of bodily 
dimensions is remarkable. The average, weight of the treated females 
at five hundred days was 31 gm., while that of the normal females was 
only 25 gm. An increase of 26 per cent in average weight was thus 
obtained, corresponding in human females to an increase from the 
amrage normal weight of about 120 pounds to an average weight of 
150 pounds. But the average was considerably diminished by a small 
proportion of animals which faile<l to respond to the treatment, while 
one-eighth of the treated animals exmwled 40 gm., a weight which 
would correspond to 1 90 potmds in the human female. These results, 



Fig 52 — Showing the effect of a brief period (oisht wookH) of arlnnnislialion of 
liu upon the Hubaequent growth of mice Animal on the left (21 Kranw) is an avinago 
tethoUn-treated animal at five hundred days On the ziKht (25 fj;iain8) an avoiaKo 
normal animal of same age 


obtained by the administration of but 4 mg of material daily for 
eight weeks, are comparable witli those obtained by Uhleiihiith in 
Amhlystoma (Chapter XX) by administering a diet consisting entirely 
of pituita^ (anterior lobe) tissue. 

The^ origin of these gigantic proportions lies in an excessive late 
accretion of tissue, and gigantism is not displayed in its full degree 
until the animals attain the age of about five hundred days, or over a 
year after the discontinuation of the administrations. 

The full interpretation of these results cannot be attempted in the 
present state of our knowledge, but it appears evident that the effect 
of the Pituitary Autocoid is in some way related to a change in the 
average concentration or distribution of the Nuclear Autocatalyst. The 
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striking specificity of the effect, in simulating the growth of bony and 
epithelial tissue, lends a measure of encouragement to the latter view. 
In general, however, the effect of tethelin may be summarized as 
consisting in a delay of the development of (physiologically) differen- 
tiated tissues, so that senescence of the animal is deferr^ and its 
bodily dimensions are decreased. Other tissues, less physiologically 
differentiated, are comparatively favored, and if administration is 
discontinued while active growth is still proceeding, the restoration 
of the normal proportions of the several tissues necessitates the attain- 
ment of excessive bodily dimensions, whereby the underlying stimu- 
lation is rendered manifest and senescence now occurs at the usual age 
or even earlier than usual. 

Clinically, the employment of tethelin has been proposed for the 
stimulation of repair in slowly-healing superficial wounds and in the 
treatment of ununiting fractures. 
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CHAPTER XXII. 


PROCESSES INFERRED PROM INDIRECT OBSERVATION: 
MEMORY AND SLEEP. 

MEMORY. 

The most prominent characteristic of the Nervous System is the 
facilitation of its functions which their perforxnance brin^^s about. 
A mental task which is at first difficult becomes easy by frequent repe- 
tition; an act which may be performed under the guidance of the 
central nervous system at first only with effort and concentration of 
the will and attention, becomes by repetition a habit or even a reflex 
which is performed almost automatically and without any conscious 
expenditure of effort. 

Secondary and subsequent to this phenomenon of facilitation is the 
phenomenon of Fatigue. For example, in the learning of a long passage 
by rote, as one tries to recall it after tiie first repetition, recollection is 
distinctly difficult. With a second repetition recollection is easier, 
with a third it is easier still and so the progressive facilitation accumu- 
lates until it becomes possible to repeat a long passage from ‘‘Memory," 
faultlessly and fluently. If, however, the repetitions be still continued 
or fresh matter added to the lesson a new phenomenon supervenes 
which is the reverse of that initially experienced. The passage which a 
little while before was repeated faultlessly cannot now be repeated 
without mistakes. The attention wanders rea<lily. Recollection 
becomes increasingly difficult, the consciousness has to be “ flogged” 
into activity and finally excessive fatigue compels desistance from the 
task. The effects of the initial facilitation have not been uiulone, 
however, for a return to the task after an adequate interval for recuper- 
ation reveals the fact that the previous study has implante<l memories 
which disappear from the field of consciousness in many instances 
only after a lapse of time comparable with the duration of life itself. 

We meet, therefore, in the exercise of any given intellectual function, 
with two apparently contradictory facts. Performance facilitates the 
exercise of the function, and it likewise depresses the exercise of the 
function. We note, furthermore, that the facilitation and depression 
become evident at different periods of time, the former in the earlier 
stages of performance and the latter in its later stages. 

Many hypotheses have been advanced by philosophers, psychologists 
and physiologists in the endeavor to imagine a mechanism which could 
account for the phenomenon of memory. The vast majority of the 
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mechanistic hypotheses, which are the only ones of which we need 
attempt the consideration, partake of the same general character; 
they assume that the previous repetition or performance has left some 
species of more or less permanent modification in the nervous system, 
and they vary only in the nature of this hypothetical modification. 

Broadly speaking, the nature of this modification may be conceived 
in either of two ways which, for convenience sake, we may designate, 
respectively, the “static modification*’ and the “dynamic modifi- 
cation.” The static conception, as developed especially by Munk 
and Ziehen, regards the “trace” or “image,” which has been formed 
in the nervous system in consequCTice of some act or repetition, as 
consisting of some structural m^ification, some physical alteration, 
an alteration, in other words, in the distribution of cell-matter in space. 
The objections which may be and have been urged against this view 
are manifold. A purely phyacal alteration, namely, the redistribution 
of preformed cell-material in space, would be something of the nature 
of a strain produced in response to some stress (= stimulus) which 
might be conceived of as mechanical, electrical, thermal or yet some 
other type of energy-change capable of inducing modifications of the 
physical state of matter. Now the remarkable Persistence of Memories 
proves that the “trace,” whatever it may^ be, is rather permanent and 
only very slowly" fades avray\ Indeed such investigations as those of 
Prince or Sidis would appear to indicate that a large proportion of 
memory’^-traces may' persist in some measure throughout a lifetime. 
Of course, reinforcement of the trace by' occasional “recollection,” 
either conscious or “ subconscious,” may' have occurred from time to 
time in the interval between the receipt of an impression and its emer- 
gence from consciousness under abnormal psychological conditions, 
such as those imposed by' Hypnosis, at a much later period of life. 
Reinforcement of the trace by’ recollection cannot, however, be the 
general rule, for otheiw’ise, as Sidis has pointed out, our entire mental 
life would be occcupied in recollecting. 

The memory'-trace, or at least some residual fragment of it, is there- 
fore an extraordinarily persistent modification. I he material t)f which 
the central nervous sy’stem is composed, however, is largely’ fluid or 
semifluid, and all our experience teaches us that a fluid cannot retain 
phy'sical strains for any' prolonged period, indeed it is this quality 
which enables us to recognize a fluid or a jelly’ and distinguish it from 
a solid. 

A modification of the theory’ of ]Munk is that which was proposed 
by Lepine and Duval and has been very w’idely adopted by a certain 
school of neurologists and psy’chologists. This theory’ is based upon 
the demonstration by' Cajal that the nervous sy'stem is divided, like 
other tissues, into distinct cell-units, or Neurones, which he regarded 
as being in contact w’ith one another through the medium of their cell- 
processes or Dendrites, but not phy'sically continuous w ith one another. 
It was assumed by Lepine that the formation of a new' memory'-trace 
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in the nervous system is attributable to the formation of a new den- 
drite-contact, while Amnesia, or the phenomenon of forgetting, repre- 
sents the breaking of a contact previously established. To this view 
there attach most of the difficulties attendant upon Munk’s hypothesis 
and, furthermore, as Meyer has very justly pointed out^ the invo- 
cation of such hypothetical structural changes to explain the physical 
correlates of psychic phenomena must necessarily lead, sooner or later, 
to the invention of a metaphysical entity to keep the apparatus in 
order. Meyer expresses this difficulty as follows • “ Why does the pro- 
toplasm stretch toward one neighboring neurone when the organism 
happens to be in one situation, toward another neurone when the organ- 
ism is in another situation? General silence with the neurologists. 
But some psycholo^sts had an answer ready. They brought in their 
deua ex macJmui. The Ghost does it. Consciousness, feeling, will, 
or whatever you call it, turns the bridge in the proper direction as the 
switchman turns the switch in a railway-yard.” The cytological basis 
of this hypothesis has also been called severely in question since the 
investigations of Apathy, Bethe and others have demonstrated the 
existence of fine intercommunicating fibrils which, in maxiy inverte- 
brates at least, establish anatomical continuity between adjacent 
dendrites. 

The dynamic conception of the memory-trace, on the other hand, 
regards it as being formed by a chemical alteration of cell-material 
along the nervous path which was followed by the stimulus which is 
subsequently recalled The superior generality and simplicity of this 
hypothesis is evident at once. It does not exclude the i)ossible forma- 
tion of a definite structure as the result of chemical change, on the 
other hand the persistence of memory traces is at once accounted for, 
since, as we have abundant reason to know, chemical changes within 
living organisms may be as enduring as life itself. 

We have seen ((’hapter XVIII) that the rate of conduction of 
impulses in Nerve-fibers is conditioned partly if not wholly by physical 
changes which underlie the passage of the impulse. We infer this from 
the low Temperature-coefficient of conduction in peripheral nerve- 
fibers. In Nerve-cells, on the contrary, the passage of impulses is 
demonstrably accompanied by chemical changes. The temperature- 
coefficient for the conduction of impulses in the nerve-cells of the 
respiratory center and the cardiac ganglion, for example, is of the 
chemical order of magnitude. Furthermore, as Mosso has demon- 
strated, excitation of the cerebral cortex results in a pronounced 
disengagement of heat. Repeated attempts to demonstrate a similar 
evolution of heat in nerve-fibers in consequence of stimulation have 
failed. The processes which attend the conduction of impulses through 
nerve-cells, tiierefore, appear to be of a fundamentally different char- 
acter from those which accompany the passage of impulses in nerve- 
fibers. 

Meyer Journal of Philos. Psychol and Soientifio Methods, 1912, 9, p. SOS. 
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The effect of the chemical change which accompanies the passage of 
an impulse through the central nervous system is to initially facilitate 
and ultimately retard the passage of subsequent impulses along the 
same path. The nature of the initial facilitation has been variously 
characterized. Thus Maudsley described it as the formation of a 
trace or thread of a deposit which is followed by the succeeding impulse, 
while Exner likened it to the ^‘excavation of a channel/’ a hypothesis 
which is generally referred to as the Canalizatum Hypothesis. 

In preceding chapters we have had frequent occasion to dwell upon 
a variety of chemical processes and not a few life-phenomena which 
display initial facilitation followed by retardation. These are the 
various processes or phenomena which are govOTied as to their speed 
by underlying Autocatalyzed Beactions. It is evident that if the passage 
of an impulse through the central nervous system were attributable to 
the occurrence of an autocatalyzed chemic^ reaction, the deposition 
of the products of this reaction along the path of the impulse would 
facilitate the passage of a subsequent impulse, while their accumula- 
tion in undue amount would constitute an impediment to the further 
occurrence of the reaction and therefore to the passage of subsequent 
impulses. The same mechanism thus accounts for both the facilitation 
and the fatigue which accompany the performance of functions involv- 
ing the central nervous system. 

Regarding the nature of the autocatalyst in this reaction vre are of 
course completely in the dark in so far as any direct results of chemical 
analysis are concerned. We may, however, draw certain more or less 
probable inferences from our knowledge of the behavior of a par- 
ticular part of the central nervous system, namely, the Respiratory 
Center. In this region we have a rh^^ilimic passage of impulses of \\ hich 
the frequency is determined by the alternate facilitation and retarda- 
tion of conduction which is brought about, as we have seen in a pre- 
ceding chapter, by the presence of greater or lesser amounts of Lactic 
Acid, Carbon Dioxide, or other fatty or hydrox\" fatty acids in the cir- 
culating fluids Evidently, therefore, acids, or at least this particular 
class of acids, facilitate the passage of impulses through this if not 
through other regions of the nervous system. Now hyperactivity of 
the central nervous system results in the accumulation of acid sub- 
stances in the brain, and we may with some probability infer that the 
normal activities of the central nervous system are accompanied to a 
lesser degree by the production of similar substances. 


THE FATIGUE-PRODUCTS OF NERVE-CENTERS. 

It has been pointed out by Mosso that the fatigue-products of 
Nerve-centers and those of Muscle are probably very similar in nature 
since mental fatigue is accompanied by signs of muscular fatigue and 
vice versa. Among the products of muscular activity two acids figure 
very largely, namely. Lactic Acid and Carbonic Add, and if the products 
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of muscular and of ncrvc-Kiell »u-tivity are similar, we shoul<l expt'ct to 
find that aci<ls are set free in the c*entral nervous system as a result 
of its activity or fatigue. The actual demonstration of an increase in 
acidity of the brain-substance as a result of prolonged excitation has 
proved difficult on account of the slightness of the change of hydrogen 
ion concentration which is involved, owing to the buffer-action of the 
tissues and tissue-fluids, and the technical difficulties, almost insuper- 
able it would appear, which attend the utilization of adequate electro- 
chemical methods of estimating the hydrogen ion changes in nervous 
tissues. We can, however, perceive the changed reat'tion of the brain 
after excessive stimulation by the employment of a simple indicator, 
provided, however, that instead of employing the change of color of 
the indicator as a sign or measure of acidity we employ the change 
in its aoVubUiiy in a solvent which is immiscible in water. 

If to 10 cc of a concentrated (2 per cent) and very faintly acid solu- 
tion of Neutral Bed in water we add a single drop of tenth-normal 
potassium hydroxide the color of the solution does not perceptibly 
change, but nevertheless a great change is seen in respect to the lipoid- 
solubility of the neutral red if we shake up the original and the faintly 
alkaline solutions with Ethyl Acetate, from which any admixture of 
acetic acid has been previously carefully removetl. On shaking up 
with the faintly acid solution of neutral red the ethyl acetate remains 
absolutely colorless, while on shaking it up with the faintly alkaline 
solution the ethyl acetate layer is stainetl deep yellow In two ways 
the indicator is rendered more sensitive by this method; in the first 
place a trace of the yellow modification of neutral red, wliich would be 
invisible in watery solution owing to the great excess of the red modi- 
fication, is removed by the ethyl acetate and thereby rendered visible. 
In the second place, let us suppose that the Coefficient of Distribution: 

concentration mjipoid layer 
concentration in aqueous layer 


is 100 : 1 for the yellow modification of neutral red and zero for the red 
modification. Then at any given concentration “!>’* of hydroxyl ions, 
if “y” be the concentration of the red modification and “ x” that of the 
yellow modification. 

X « kf(b)y 

where "k” is a constant and f (b) is some function of the alkalinity 
not necessarily known or defined. Now let this solution be shaken up 
with ethyl acetate and let the concentration of the yellow modifica- 
tion in the watery layer now be '‘x,” while that of the red modifi- 
cation is ^‘y,’* and that of the yellow modification in the ethyl acetate 
layer is “X 2 /’ then we have: 

Xi =a kf(b)yi 
X 2 = lOOxi 
xa = 100kf(b)yi 
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that is, the concentration of the yellow modification in the lipoidal 
layer (ethyl acetate) is 100 times its concentration in the water layer 
and, provided f (b) were a linear function, it would be the same con- 
centration as that which would be produced in the watery layer by 100 
times the concentration of hydroxyl ions. In other words the sensi- 
tiveness of the indicator is multiplied by the distribution-coefficient of 
the lipoid-soluble modification between the two immiscible solvents. 
In ^dition to this there is, as has been stated, an apparent or '‘physio- 
logicaF’ increase in the sensitiveness of the indicator due to the physical 
separation of the two colors. 

Two frogs may be taken and a powerful stimulus applied to the skin 
of one of them by means of an induced current for a prolonged period 
(half an hour) while the other is left undisturbed. The brains of both 
animals are then rapidly removed, divided longitudinally and the two 
parts of each plac^ in a two per cent neutral aqueous solution of 
neutral red for from four to five minutes. The two brains are then 
removed from the neutral red solution at exactly the same moment 
and dropped into neutral ethyl acetate. 

Within five or ten minutes there is seen to be a distinct difference 
between the colors of the cut surfaces of the two brains. The cut 
surface of the brain which has been stimulated remains deep red, but 
the indicator diffuses out of the unstimulated brain, and the depth of 
color diminishes until it is only pink. The differences in color increase 
for some time, and in some instances after the lapse of an hour the 
unstimulated brain may be almost colorless, owing to extraction of the 
dye by the ethyl acetate, while the stimulated brain retains a reddish 
pink hue. Evidently the stimulated brain behaves like a faintly acid 
aqueous layer, the unstimulated brain like a faintly alkaline aqueous 
layer. The development of acid as a fatigue-product of nerve-centers 
may thus be clearly inferred. 

It might be imagined that in this experiment the increased acidity 
of the brain may be apparent and not real, being due to acids carried 
to the brain by the blood from the tetanically contracting muscles of 
the stimulated frog. It has been shown by Gobau, however, that pre- 
cisely the same result is obtained if the frog employed for stimulatimi 
is previously curarized, in which case the muscles are immobile. 

Acids are therefore produced in the brain in consequence of its 
activity and in the respiratory- center, if w-e may take this area as repre- 
sentative of the vrhole, certain specific acids accelerate the passage of 
impulses through it. We have thus experimental verification of the 
view that central nervous phenomena are self-catalyzed. The cata- 
lyzer w-hich is responsible for the formation of Memory-traces, however, 
is not probably any substance so simple as lactic or carbonic acids, 
w-hich, as we have seen, are stimulants of the respiratory center. These 
substances are so soluble in water that they would very rapidly be 
washed out of the nervous tissues and the persistence of memory - 
traces w-ould be inexplicable. It is more likely that we have here to 
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deal with a colloidal fatty acid which is deposited along the ]mth of 
an impulse aiul remains to accelerate or, if it is in cxc<‘ss, to retard a 
subsequent impulse, 

THE APPLICATION OF THE FORMULA. OF AUTOCATALTSIS TO 
CENTRAL NERVOUS PHENOMENA. 

The time-relations of any Voluntary Movement are primarily governed 
by events which occur in the central nervous system. ’’iTiis may readily 
be inferred from the fact that it requires, not a single impulse or stim- 
ulus to produce any qo<5rdinate<l movement, but a stream of impulses 



Fig 53 — Photograph of a cliawuig-boaicl hj>cc*uxUy <•< )ii.st nu 1 *mI to lecoul tlio liino- 
relations displayed lu the oxccution of a Hiuiple volition (Uio (liaNMiig t>f a hI might line) 

which must be maintained throughout the duration of the act which 
is performed. A single stimulus, when applied to voluntary or striated 
muscle, only produces a single rapid twitch; a prolonged tetanic or 
semitetanic movement such as that involved in tlie performance of 
any muscular exertion is only possible to evoke by a rapid succession 
of stimuli. Moreover the performance of a coordinated muscular act, 
such as that of bending the arm, involves a simultaneous discharge 
of stimtilatoiy impulses to the flexor, and inhibitory impulses to the 
opposing extensor muscles of the limb. 

The time-relations of a simple voluntary movement, such as that 
implied in drawing a straight line with a pencil upon a board, may be 
accurately investigated by a method which was originally proposed by 
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Loeb and Koranyi. A drawing-board is made up of alternate strips 
of metal and wood and is carefully polished so that the junction of the 
strips is as nearly as possible indistinguishable to the touch. The 
metallic strips are connected together in a circuit which includes a signal 
magnet and a metallic pencil. When a line is drawn upon the board 
with the metallic pencil the moment at which the pencil touches or 
leaves a metallic strip is indicated upon a cylinder of smoked paper by 
the signal-magnet (Fig. 53) . In this way the length of line traversed at 
any instant in the entire process can very readily be determined. It is 
convenient to provide a ruler, firmly affixed to the board, to guide the 
movements of the pencil, and to start the line from a check or crotch 
in the ruler, the position of which on the board with reference to the 
nearest succeeding metallic strip has been accurately determined. 

When the relationship between the time and the extent of movement 
in drawing a straight line is investigated in this way it is found that the 
Autocatalytic Fozmtila: 


log f a* Jca(t — tl) 

a — X 

applies vrith remarkable accuracy, “a’* being the total length of the 
line, “x” the length of line drawn at time “t” after the motion of the 
pencil first began, and “ti” the time taken to reach the middle of the 
line. The following is an illustrative result: 


Subject H M.M cT 

Formula log - 

31 0 — ac 

« k Ct — 38 75) 

X 

t 

k 

inches 

1/100 secs 


1 

10 00 

0 051 

2 

IB 50 

0 050 

3 

17 50 

(» 040 

4 

21 00 

0 047 

5 

22 50 

0 044 

6 

25 00 

O 045 

7 

26 00 

0 042 

8 

27 50 

0 041 

9 

29 00 

0 040 

10 

30 75 

O 04(» 

11 

32 00 

O 038 

12 

33 50 

O 03s 

13 

35 OO 

O 03N 

14 

36 50 

O 037 

15 

38 00 

O 0.<7 

16 

39 50 

O 037 

17 

40 75 

O 042 

18 

42 00 

0 043 

19 

43 50 

O 042 

20 

45 00 

0 041 

21 

47 00 

O 039 

22 

48 25 

O 041 

23 

50 00 

0 041 

24 

52 00 

O 044 

25 

53 75 

O 041 

26 

55 50 

0 043 

27 

57 50 

0 044 

28 

. 59 50 

0 049 

29 

. 61 75 

O 050 

30 

.... . 06 00 

0 054 
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The values in the third column are, as wouhl be rtxiuired by the 
formula of autocatalysis, almost constant. The performance of this 
particular type of central nervous activity is therefore autocatalyzed. 

Tiurning now to the much more complex phenomenon of Memory, 
we are in possession of quantitative data which have been most elabo- 
rately compiled by the psychologist Ebbinghaus. The method which 
he employed was to read and reread a series of meaningless syllables 
at a definite rate, 0.40 second being expended in the perusal of each 
syllable. The data recorded are the numbers of repetitions which were 
found to be necessary to attain the perfect memorization of the given 
number of syllables in the series. Hence the time in seconds which was 
employed in learning each series was 0.4 X n X r where “ n” and “ r” 
were the number of syllables in the series and the number of repetitions 
respectively. Excepting in the case of the first observation (that is, 
the number of syllables learnt in a single repetition) the syllables were 
read in conjunction with a sufficient quantity of other material to 
make the total length of each period of reading approximately the 
same. The following were the results obtained : 


Number of syllables 
7 
12 
16 
24 
36 


Number of repotitions 
1 0 
10 G 

30.0 
44 0 

56.0 


Timo in s(H‘onds 
2 8 
79 7 
192 0 
422 4 
792 0 


If we apply to these results the formula of autocatalysis, calling 
the maximal number of syllables which Ebbinghaus could have 
memorized by any number of repetitions, the number actually 
learnt or the extent of the trace or deposit formed in time “t,” and 
“ti^^ the time consumed in learning half the maximal niiinber, we find 
that the following equation most nearly expresses the results: 


A O “0 001408 t — 0 520 

4o o — X 


In the following table the experimental values of “x” and those 
calculated from the formula are compared: 


Tune m seconda x (observed) z (caloulatod) 

2 8 7 10 1 

79 7 . 12 12 2 

192 0 . . 16 16 8 

422 4 24 24 2 

792 0 . .... 36 35 4 


The only deviation of significant magnitude is that between the 
observed and calculated numbers of syllables which may be learnt in 
a single repetition. This, however, may most probably be attributed 
to the conditions under which this number was determined, differing 



sleep ess 

as they did, by the non-inclusion of other reading-matter, from the 
conditions which pertained in the remaining observations. 

The view that ^e formation of the Memory-trace is due to an auto- 
catalyzed chemical reaction, therefore, not only enables us to interpret 
some of the most striking qualitative phenomena of intellectual pro- 
cesses, but also to predict their quantitative alteration with successive 
repetition. The quantitative data obtained by Ebbinghaus are among 
the most readily interpretable and at the same time accurate measure- 
ments of this kind which we possess, but a variety of measurements 
which have been made on the rate of learning by telegraph-operators, 
typists and so forth, all yield “ curves of learning"’ which very strikingly 
resemble the curve which represents the progress of an autocatalyzed 
chemical reaction, and in some cases, it appears, two or more of such 
curves may be superimposed to yield cycles of learning” just as we 
have cycles of growth in a growing organism.^ 


SLEEP. 

The various theories of sleep which have been propoimded are no 
less numerous than those which have been propounded to account for 
the phenomenon of memory. A Vasomotor Theory of Sleep has been 
advanced by Howell, who considers that it is attributeble to cerebral 
anemia, due to a diminished blood-supply to the brain, following the 
general fall of arterial pressure which accompanies sleep. While this 
may very possibly be a contributing factor to the phenomenon of sleep, 
yet, on the other hand, it is at least equally conceivable that the vas(^ 
motor-phenomena which accompany sleep are merely secondary mani- 
festations of the processes which induce sleep, and that the actual 
onset of sleep is due primarily to other factors. The close connection 
of sleep with Fatigue on the one hand, and with the absence or monot- 
ony of Sensory Stimulation on the other, indicates ver\’' clearly that a 
condition of the nervous tissues consequent upon prolonged activity 

^ It should be obvious to the reader that this hjTpothesis is designed to furnish an 
intelligible mechanism of recollection, but not of the corucioutfuess of recollection Recol- 
lection IS entirely conceivable without the consciousness which ue are accu&ti>med to 
associate therewith, and the phenomena of “subconscious memor>\“ with ^hich we ha% e 
been rendered so famihar m recent years, by the mvestigations of psychiatrists and 
psychoanalysts, may with equal or e'sen better justification be regarded purely 
unconscious Consciousness is evidently somethmg which ma^’ or may not illuminate 
cerebral activities and modem psychological mquiry has shown us that it normally 
illummates only a very small fraction of our cerebral life. So also vision and the con- 
sciousness of vision, hearmg and the consciousness of heanng, a reflex and the conscioi^ 
ness of its performance are incommensurable pairs of phenomena, smee m each case the 
first of the pair is conditioned by material events (that is, events which take place m 
extended space), while the second mvolves an activity which is not material hecaxiae it 
possesses no spatial quahty whatsoever. Consciousness possesses duration but not 
extension, so that these two forms of activity or change eomcide m the time-dimenaion 
and nowhere else. Nothmg that has been said above, therefore, touches or professes to 
touch upon the question of the origin of consciousness. But the origin of pure recolle^ 
tion, as such, demands physical mterpretation to quite the same extent as the hj-steresis 
which is exhibited by a bar of steel after it has been subj'eeted to torsion. 
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is a potent factor prc<lisposin^f the c-<‘utral nervous system to tlie 
condition of relatively susi)euded activity wlii<*h is skn^p. 

The accumulation of Fatigue Products in the brain, when it has 
exceeded the amount which causes maximal facilitation of the passage 
of nervous impulses, begins to retard the passage of impulses, and this 
retardation increases with the degree of accumulation. With continued 
wakefulness, as many observers have pointed out, the Threshold of 
Sensory Stiinulation rises. A stronger stimulus than usual is required 
to traverse the clogged and overloaded channels, and consequently the 
environment, by exclusion of the countless slight fluctuating imi>res- 
sions which lend variety to our surroundings, becomes more and iuor<» 
monotonous, fewer and fewer ^"channels’* of the brain are traverscnl 
by impulses, larger and larger areas become quiescent through lack 
of traversing stimuli, until finally sleep supervenes, and the wliole of 
the brain except those portions, chiefly in the medulla, which are 
vital to the maintenance of the circulation and respiration, and some 
detached fragment which may be occupied in weaving dreams, has 
subsided into quiescence. 

It is the variety of our environment and the intensity of ra])idly 
succeeding sensory impulses which keep us awake, by forming nc'w 
^‘channels’' which intersect with other channel-systems, L e , arous(^ 
^^associations” and keep up a continuous activity over the whole ar<‘a 
of consciousness. If the Field of Consciousness is limit(‘d, either by 
fatigue or by the limitation of incoming sensory imi)r(\ssions, om^ 
group after another of channeKsystems or int(Tconnected nu^inory- 
traces sink into quiescence until only the least fatigiu^d or tiu* most 
intensely stimulated channels are awake. Wlien the stimulation is 
nowhere sufficient to rise above the threshold of eoiis(*iousii(\ss, w(‘ 
have sleep, but where the stimulation is inlensts and yet <‘\c(\ssiv(‘ly 
circumscribed, we have the condition of Hypnosis. ''FIk* ('xtraonl inary 
vividness of the impressions which arc formed under hyjiiiosis is dii<‘ 
to the isolation of these impressions aii<l to the faet that for the inonu^nt 
the brain is, for all efiectivc purposes, limited to and eirciimserihc^d by 
the areas which are directly stimulated.^ Inhibit ive and eondietiiig 
impressions are temporarily in abeyance. 

The customary method by which we recollect ])asl events is the 
Association of a present event with an incident whi(‘h recalls tlu‘ ])nst. 
In other words, a stimulus of the present moment happens to traverse 
a previously formed system of trace-deposits. I f, however, only a small 
portion of the brain be active the ^ance of a subsc<iuent impulse 
traversing it must obviously be less than when the area of stimulation 
is larger. The cutting off of sensory impressions in slec^p and the 
diminution of the extent and variety of “canalization” or trace- 

1 The impressions received during hypnosis are usually separated from the wakitig 
impressions by a gap of amnesia, but durmg the actual period of hypnosis the oxtra- 
ordmary vividness of the impressions received is testified by the aimost autoiuatio 
response of the body to commands or suggestions which are received in this oondltion. 
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formation throughout the upper portion of the central nervous system 
which accompanies sleep is therefore conducive to Amnesia or lack of 
ability to recollect the intellectual events which occur under these 
circumstances. This fact is well illustrated by phenomena which fre- 
quently attend the onset of sleep: A certain sequence of ideas arises in 
the consciousness— we think of it, as we say, dreamily— then suddenly 
this train of ideas vanishes and another takes its place, and we find 
that we cannot recollect the first. This amnesia is occasionally so 
surprising in itself that the wonder of it excites us to the extent of 
awakening. So the cessation of canalization in one trace-system 
leads, by the blocking off of impulses, to its cessation in an adjacent 
system, and amnesia spreads over a wider and wider area, until finally 
sleep supervenes. The fabric of intercommunicating trace-systems 
which constitutes the waking consciousness shows larger and larger 
rents of amnesia, the fragments of the fabric are less and less bound 
together, until at last the entire fabric seems to be blotted out, or one 
shred may remain, as in a dream, to be faintly recalled or completely 
forgotten on awakening, according to wdiether or not our customary 
waking perceptions (traces) traverse the point of union of the dream- 
shred with the whole fabric of the reawakened consciousness. 

That the onset of sleep is in reality due to the accumulation of 
Fatigue-products which are washed out <luring the period of quiescence 
by the circulatory fluids, has been very strikingly <lemonstrated by 
Pi^ron. This observer has shown that if the bloo<l-seruin or Cerebro- 
spinal Flmd of a dog whicli has been ke]>t awakc^ for an abnormal 
period be injected directly into the fourth ventricle of the brain of a 
normal dog, even if this latter animal has recently sle])t, it falls at 
once into a iirofouiid slundier. The efl'ect is much greater if cerebro- 
s])mal fluid or the fluid from the \entricles of the bram is <‘inployed than 
if blood-serum be use<l Frequently with blocxl-seruin nothing more 
than a moderate somnolenei* is eheit(‘<l, whereas when <*erebrospinal 
Hind IS (employed the slumber whieh is induced may b<‘ so profound 
that the animal will remain asleep in any attitude in which it may be 
lilaeed Pieroii has made many interesting observations uiion the 
luitmv of this sleeii-indueing substance, or Hypnotoxin as 
he designates it. lie finds that it is destroyed by luxating to (if)® (\ aiul 
by o\i<iation, is ])reeipitable or coagiilable by alcohol and is iion- 
diffusible It is (widently, therefore, a colloidal substance of some 
coinjilexity, and chemically unstable. 

THE FADING OF MEMORY-TRACES. 

It is a matter of common experience, and a fact which has been 
experimentally verified, that a person who has been deprived of sleej) 
beyond the normaj^period of wakefulness does not require the full sum 
of the periods of sleep which he has lost in order completely to recover 
from his desire to sleep. We must therefore conclude that not only do 
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Faticroe-products disappear from the brain during sleep, but, furthormon*, 
that they disappear the more rapidly the greater their eonc-entration. 
We have seen that the initial effect of the fatigue-produets <)f the <*en- 
tral nervous tissues is to cause facilitation of the passage of nervous 
impulses and the fonnation of Memory-traces. The ]>henomenon of 
forgetting must therefore be essentially of the same nature as the i)he- 
nomenon of refreshment by sleep, i. e., it must consist in (or <l<‘i)end 
upon) the disappearance of the products of their functional activity 
from certain nerve-tracts. 

Ebbinghaus has carried out a number of exce.ssivcl,v painstaking 
investigations upon the rate at which meaningless syllables which have 
once been learned by heart are forgotten. Ebbinghaus was his own 
subject. Series, eac-h consisting of thirteen meaningless syllables, were 
read and reread in such a manner that each syllable was prcsentwl 
to the senses for a period of 0.41 second at each repetition. When 
it was found just possible to completely recall the series correctly 
the total time (= ti) consumed in mcraoriKing the series was noted. 
After the lapse of certain definite periods of time the scries were 
relearned, and the time ( = ti — t) necessary to learn them was 
also noted. Then the difference ( = t) representwl the time savtsl by 
the previous repetitions, or iri other words the tiim* which would Ixi 
consumed in learning that proportion of syllables whi<-h was remt'in- 

bered. The percentage 1(K) was employed by Ebbinghaus (and 

has been employed by his successors in this field of mv’estigatioii) as 
the most convenient measure of the extent of forgetting. It is, of 
course, not actually equivalent to the amount of memorisccxl material 
which has been forgotten, for the time required to memorize syllabh's 
is, as we have seen, not proportional to their iuiiiiImt. Nt'vcrtheh'ss 
the outline of the relationship between the time which has (‘lapsisl 
since the material was learned and the amount of material forgotten 

is sufficiently clearly revealed by the succc.ssivc values of ^ ' * X 100 

1 1 

noted by Ebbinghaus to show that this ]>heuomeuon, like that of 
refreshment by sleep, occurs most rapidly in the beginning, when the 
mass of deposit undergoing destruction or ilispersal is greatest. The 
following were the results obtained by Ebbinghaus the tiiiu* Ixuiig 
reckoned from the end of the first period of learning to the end of the 
second. 


Tune m hours 


h-i 
X 

ti 


0 33 . 

1 00 . 
8 80 . 

24 00 
48 00 . 
144 00 . 
744 00 . 


41 8 
55 8 
04 2 
00.3 
72.2 
74 0 
78.0 


100 
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The negative acceleration of this process is extraordinarily high, for 
although over 55 per cent of the time saved by the first period of 
learning is lost in one hour, yet during the succeeding twenty-three 
hours only 9 per cent more is lost. In other words the Velocity of 



Fi(} 54 — CMivcu ilhmtiuiiiiK the analofj;ieu lx»twcen the fading of a monioiy tiuco» 
the extraction of protamine from spermatozoa by acid and the dissolution of dried 
casein by dilute alkali 

Forgetting decreases very rapidly with the passage of time; it never, 
under normal conditions, undergoes any increase in rapidity with time. 
The process of forgetting is therefore essentially different in mechanism 
from the process of memory-formation. 
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It is very improbable that the fading of a memory-trace can Ihs due 
to chemical changes in tlie substance forming the trace, for no chemical 
reactions are known -which diminish so greatly in rapidity with time, 
continue to proceed, and yet do not attain completion for such pro- 
longed periods as the memory-traces persist. A reaction which was O,’) 
per cent completed in one hour would either have ceased before 
twenty-four hours, or else would be much more than 06 per cent com- 
pleted. A chemical reaction, to display such extraordinary falling-olf 
in velocity with time, would have to be polymolecular, i. «., involve a 
large number of ainmltaveoudy reacting molecules, an<l polymoU'culur 
reactions do not actually occur, or rather they take phuic in successive 
monomolecular, bimolecular or trimolccular stages. 

If, however, we compare the curve of forgetting with the curve which 
expresses the rate of issuance of a colloid (or possibly of a crystalloid) 
from a colloidal into a fluid menstruum, we cannot fail to recogni/.e 
at once their essential similarity. In the a(‘(‘ompanying figure (Fig. 
54) curve 1 represents the rate of issuan(‘c of ])otussiuin caseinate 
from suspended Casein particles into dilute ])otussium hydroxide solti- 
tion; 2 represents the rate of extraction of Protamine (sahnine) from 
dried salmon-spermatozoa by <lilute hydrochloric acid , aixl 'A reprt*senf s 
the Curve of Forgetting, as illustrate<l by th(‘ results of Kbbinghau.s 
cited above, (^.oniparing these curves, it is evident that by a suitable 
modification of i)aranu‘ters any one of them might b<‘ (‘tuplo.\’(>d in 
place of the others to illustrate the proc(“sses win<*h tluy severally 
depict, and that each of them represents the time-relations of a jiroci'ss 
in which the negative acceleration is so marki'd as to forbid its ri'pn*- 
sentation by any known chemical reaction-formula, or by th<‘ .similar 
formuhe whicli represent the diffusion of crystalloids in fliihl imslia 
It has bt'cn found that the Ls.suance of a jirotcMn (and therefore, probably 
of otlicr colloids) from a colloidal nienstruum is governcil jirimarily 
by Capillary Forces, so that the time-relations of the washing-out 
process arc similar to those exhibiteil in the rise of a lluhl in a (‘apil- 
lary tube or of a liquid in a column of sand or a strip of filtcr-papi'r 
We may infer that the fading of a memory-trace is attributnbh' to 
some similar phenomenon and may not inijirobably be dm* to the 
washing-out of a colloidal sub.stance, which forms th<* m<*mory-tra<'<*, by 
the circulating fluids. This would explain at once the rajiidity of tlx* 
initial stages of forgetting and the extraordinary persistence of (h<* 
last traces of the memory-deiiosit, for complete extraction of a colloid 
from a colloidal menstruum by an external liquid is a matter, not of 
hours, but, as may be computed by exterpolation from actual measure- 
ments, may actually require the lapse of periods of time which are 
vastly in excess of the total duration of the life of man. 
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PART V. 

THE PEODUCTS OF TISSUE-ACTIVITY. 


CHAPTER XXIIL 
THE WASTE-PRODUCTS. 


THE CARBONACEOUS WASTE-PRODUCTS. 


The chief carbonaceous waste-product is, of course. Carbon Dioxide 
Only a trifling proportion of the excretion of carbon dioxide takes 
place through the urine, feces and sweat, the lungs playing the pre- 
ponderating part ill accomplishing the elimination of this product. 
The total production of carbon dioxide in twent^'^-four hours varies 
with the quality and quantity of food ingested, with the quantity of 
muscular work performed, and with the rate of loss of heat from the 
body, but in an adult male doing moclerate work it may be estimated 
m round numbers at four hundred liters at ordinary tem]ieratures an<l 
atmospheric pressure 

The carbon-dioxide output is derive<l from the oxidation of the 
carbon in the metabolized focxlstulfs It arises, therefore, in conse- 


(jnence of the absori)tion of oxygen by the tissues, (\irbon dioxule is, 
however, not the only oxidation-product of (‘cllular a(*tivities, and 
hence the carbon <lioxide which is given ofl' by an animal is rarely the 
mok'cular equivalent of the oxygen which is absorbe<l in the same 


jieriod 


The ratio. 


COj discharged 
(>2 absorbed 


is termed the Respiratory Quotient 


and it varies in a very characteristic manner with the nature of the 
ingested foodstulVs Thus the carbohydrates contain a greater pro- 
portion of oxygen than any of the other foodstuffs, the oxygen being, 
in fact, molecularly equivalent to the hydrogen which they contain. 
The hydrogen in a carbohydrate may, therefore, be reganled as having 
been completely oxidized beforehand, and the carbohydrates behave, 
so far as the absorption of oxygen and evolution of carbon dioxide are 
concerned, as if they consisted of pure carbon and umlerwent the 


reaction: 


C H- O* » OO2 


hence the respiratory quotient for the oxidation of pure carbohydrates 
is equal to unity. This probably represents the maximal value of the 



644 


THE WASTE-PRODUCTS 


respiratory coefficient which may be obtained with normal animal tis- 
sues. Figures in excess of this which have occasionally been observed 
have been attributecl by some observers to the formation in the tissues 
of fat from carbohydrates with the liberation of carbon <lioxi<lc: 

4C6HuO, + O, - CJwHbjOj + SCX), + «H»<) 

GIucobc Palmitic acid 

Respiratory quotients in excess of unity have been observed in hiber- 
nating animals immediately prior to their winter-sleep, and in animals 
and birds fed with an enormous excess of carbohydrates. 

The respiratory quotient for the oxidation of Pats is necessarily 
much lower than it is for carbohydrates, siiu^e the fats do not contain 
more than about one-sixth of the oxygen whi(‘h is re<|uired to convert 
the hydrogen which they contain into water. An important ])roportion 
of the absorbed oxygen is therefore excreted in the form of water, and 
the carbon dioxide which is discharged from the body falls very niu(*h 
short of the molecular equivalent of the oxygen absorbed, the rcsiiira- 
tory quotient for the ordinary dietary fats being 0.71. ''riio Protems 
contain about half the oxygen needed to oxidize their hydrogen and the 
respiratory quotient is intermediate between the value for (^arbohyd ratios 
and fats, namely, 0.81. The respiratory quotient for Alcohol is lower 
even than for fats, namely, 0.67. 

From these considerations it is evulent that tlu‘ value of the respira- 
tory coeiBRicient must be capable of yiehling important information as 
to the particular class of foodstuffs whkdi is being utiliz<»(l for the 
performance of a given function. We have already setm how it may 
be employed to determine the proportion of ketogenie to ant iki^togenie 
substances which is actually being consumed iimlcT eireumstinic<\s, 
such as those obtaining in Diabetes, which n(‘<‘essitate iiieoinph^ti' 
utilization of the substances contained in the dietary (Chapter XVII ). 

For man, under ordinary conditions of work and nourishincMit, th<' 
respiratory quotient lies between 0 8 an<l 0 0, but wIumi har<l Muscular 
Work is being performed it usually tends to ai)i)roach the i<leal vahi<‘ 
of unity for the oxidation of Carbohydrates Part of this rise, (\s])(‘cially 
during the initial stages of a work-experiment, or in ('xixn'iuKMits 
oeeupying only a short period, may possibly be asc-rilxMl to th<* “ wash- 
ing out” of carbon dioxide accumulations from the tissii(‘s by tln^ inon‘ 
rapid respiratory and cardiac movements. It must Ik* re<*oll<*<*t<*d, 
however, that the rapidity of the respiratory movements m <ix<Teis(* is 
conditioned by the enhancement of the carbon-dioxide content of tin* 
blood, so that but a slight proportion of the increased <*arl)on clioxide 
output during exercise can justifiably be attributed to the iiuTcascxl 
ventilation of the body, and, furthermore, the effect of muscular work 
upon the respiratory quotient endures for a long period. A large pro- 
portion of the increase in the value of the respiratory quotient con- 
sequent upon muscular exercise is therefore real, and indicates tliat 
an increased proportion of carbohydrates is being utilized to furnish 
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the increased energy-output of the muscles. If the respiratory quotient 
is initially high, however, muscular exercise leads to a fall of its value, 
indicating that the fuel which is consumed in the production of muscu- 
lar work is a mixture of fats and carbohydrates. The fats, however, 
probably undergo preliminary oxidation to carbohydrates before they 
become available for actual production of mechanical work through 
the agency of muscles (Chapter XVII). 

On the other hand, in Starvation the respiratory quotient falls to a 
value intermediate between that characteristic for the oxidation of 
fats and the value for proteins, for in starvation the carbohydrate 
reserves are quickly depleted, and thereafter the energy which is dis- 
sipated by the body is derived from the oxidation of the fat reserves 
and the tissue proteins. 

Extraordinary low values of the respiratory quotient have occa- 
sionally been obtained with Hibernating Animals during their winter- 
sleep. Thus, Pembrey obtained figures as low as 0.25 with hibernat- 
ing dormice. For hibernating bats Hari obtained higher figures, but 
even these values were generally less than the normal value for the 
oxidation of pure fats The origin of these low values has been the 
subject of numerous surmises. It appears to be incontestable that 
they represent incomplete oxidations, which do not proceed so far as 
to result in the formation of carbon dioxide. A question much more 
difficult to decide, however, is whether the excess of oxygen intake 
over carbon-dioxide output in the winter-sleep is stored in the animal’s 
tissues, or excreted in the form of compounds other than carbon dioxide. 
It was at first supposed that the oxygen excess was stored in the tissues 
in the form of ])artially oxidized foodstuffs, as, for example, carbo- 
hydrates from fats. It has been pointed out, liowever, that the total 
accumulation of oxygen throughout the duration of the winter-slee]) 
would necessitate the prcxhiction of a quantity of carbohy<lrate far in 
excess of the total (*arbohyd rate-content of the animals under any 
conditions It has been ascertained that the urine of hibernating 
animals contains notable quantities of products of incomplete' oxidation 
such as Lactic Acid, an<l it is probable that a considerable projiortion 
of the excess of absorbed oxygen is excreted in the urine in these forms. 

Not only does the ratio of carbon-dioxide evolved to oxygen ab- 
sorbed rise, usually, during the performance of muscular exercise, but 
the total carbon-dioxide output increases in direct proportion to the 
work performed. This has been showm in a very striking manner by 
the experiments of Johansson who first measured his carbon-dioxide 
output per hour at rest and then during the performance of the Muscu- 
lar Work involved in repeatedly lifting a weight. He found that his 
carbon-dioxide output rose to the value 

<’’02 =» Np H- Cl 

where “ q” was the output at rest, “ N” the number of times the weight 
was lifted and “p” the increase in output induced by lifting the weight 
once. 
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The cffcft of the Temperature of the environment upon the earhon 
dioxhle outinit is opposite in eol<l-bloo<le<l niul wamn-hlooileil aniinnls. 
In colti-bloodcii aniinuls, in whieh the temperature of the tissues 
approximates to timt of the enviroiiinent, the rate of oxidations is 
increased, as might he expectwl, by a rise in external temperature, 
and the earbon-dioxide output is even more than proportionately 
increased, since the respiratory quotient generally un(iergo<>a a slight 
rise with temperature also. This is illustratt'd by the following experi- 
ments of (\ J. Martin on the carbon dioxhle output of the Australian 
Lizard CycUxlm 




(*(>i output i)(*r kilofcriim 

Tpniporaturo of 

Totnporaturo of 

ami hour. 

tlio air 

tho liiiiinal 

mK 

5 0 

5 5 

13 

9 0 

9 2 

42 

15 0 

15.2 

53 

20 5 

20.4 

55 

25 0 

24 5 

04 

30 0 

29 3 

78 

35 0 

34 8 

97 

39 0 

38 5 

292 


The effect of rising temperature upon the earboiwlioxide output of 
wamx-blooded animals is, within certain limits, the r(‘vi‘rs<‘ of this. 
The Body-temperature of the warm-blooded animals varii's but slightly 
with the temperaturt' of the environment, and this uniformity of tem- 
perature is secured by a number of cooperating factors, among whii-li 
may be enuiuerateil, the radiation of heat from the surfa<‘<> of the 
body, the loss of heat by tlic latent heat of evaporation of perspiration, 
and the adjustment of the jiroduction of heat by the oxidations of 
the body to the need for heat to maintain the normal temp<>ratiir<' 
of the tissues. The increase of metabolism whkdi low tenqieratun's 
induce in the warm-blooded animals is probably brought about, in 
part at least, by the stimulation of the skin by <-ol<l air inducing ndh-x 
movements, such lus shivering, or reflex alterations of miisiMilar toiu* 
which necessitate an enlianc*ed cxmibustion of <‘arbohy<lrates with 
the performance of a ininiinuin of exteriuil work 

The regulation of the temperature of the body betwi'en tin* normal 
“comfortable” temperature-limits of the environment is maiiil,\’ 
brought about by the modification of the purely physi(‘al factors of 
radiation and evaporation which govern the rate of loss of lu‘at from 
the body. Below the external temperature of 20'’ ('. (OH® F.), howi'vcr, 
the “chemical regulation” of the biwiily temperature be(*omes an <‘X- 
ceedingly important factor, the rate of metabolism rising c‘ontinuousl,\' 
and considerably with falling temperature. Above liO® (’. to <’. 
(86® F. to 95® F.) the effect of temperature upon the oxklations of tin* 
body varies with the humidity of the air. The greater part of the heat- 
loss at these high temperatures is accomplished through the evaporation 
of perspiration, and if the humidity of the atmosphere be so groat as 
to interfere with this method of heat-dissipation the regulatory meehan- 
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isms of the body l)ecoine inadequate, the bodily temperature rises and 
with it the rate of oxidation and the total output of heat, just as it 
would in cold-blooded animals. It is to this that the exhausting effects 
of the Tropical Climate are to be referred. A temperature of 86° P. 
in an atmosphere saturated with moisture is almost unbearable, and 
physical work is, for Europeans at least, an impossibility, while a 
temperature of 110° F. in a perfectly dry atmosphere can be endured, 
and even a considerable amount of physical work performed, without 
any exceptional discomfort, by persons in normal health whose tem- 
perature-regulating mechanisms are in good order. 

Among the remaining carbonaceous waste-products under normal 
physiological conditions may be enumerated Methane, which is derived 
from bacterial fermentations in the intestine but is exhaled mainly 
through the lungs. The quantity of methane produced by carnivora 
and animals which subsist upon a mixed diet, such as ourselves, is 
normally a very small proportion of the total carbon output, but in 
herbivora it may become very appreciable. Oxalic Acid is regularly 
found in normal urine in very small amounts, the normal excretion 
being about 0.02 gm. in twenty-four hours. Its origin is unknown. 
As it is a frequent product of bacterial fermentations it may have an 
alimentary origin, and, again, the administration of sodium oxalate 
leads to the appearance of the unchanged oxalic acid in the urine, and 
a number of foodstuffs, particularly fruits and vegetables, contain 
oxalates which would therefore appear in the urine On the other hand, 
the outi)ut of oxalic acid continues on a pure protein diet, and, on a 
normal diet, is stated to be enhanced by the administration of con- 
siderable quantities of gelatin, so that we may conjecture that the 
urinary oxalic acid is in part produced by the metabolism of the tissues 
'I''lie output of oxalic acid is also stated to be increased in diabetes 

Lactic Acid is only found in the urine in i>artial asphyxia or after the 
most extreme muscular exertion; its appearance m the urine indicates 
imperfect oxidation of carbohydrates or else extraordinarily excessive 
])roduction by the muscular tissues. 
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Of the various nitrtigenous waste-products. Urea- 


or, more probably. 


/NHa 

CJO 

\NH2 

/NHa 
IIN I 

\o 


is quantitatively the most important. The daily output of this sub- 
stance varies with the quantity of protein which is ingested, but for 
an adult man subsisting upon a mixed diet the daily excretion is about 
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30 gui., and for a woman somewhat loss- ^Fliis (‘orrosponds to from 
84 to 90 i)cr cent of tlic total nitrogenous outimt. 

The quantity of urea which is ex<Totod varies diixs'tly wit In tlu* 
quantity of protein ingested. We have seen in ]>re(*eding <*hai)ters that 
animal tissues do not store up ])roteius and that their storage-ca])a<‘ity 
for amino-acids is liinitetl. The excess of aniino-a<‘i<ls absorl)e<I from 
the intestine is converted into urea by a series of ste])s wliich ar 
about to discuss, and this is excreted i>roin])tly in the urine. On the 
otlier hand the excretion of urea upon a di(4 low in proteins, hnt 
abundant in fats and carbohydrates, ina.\' actually hc' l(*ss than in star- 
vation, because the fats and <*arbohydrates spare tlu‘ tissue-protein 
from destruction for the production of the energy which is dissipated 
by the body. 

The question of the region of the body in whu^h un^a originatc^s has 
been the subject of a great many investigations. Sinci^ it is so i>roini- 
nent a constituent of urine, the khlneys naturally fall first under sus- 
picion of being tlie organs in whi(‘h the manufaclun^ of this nuiti^rial 
takes place. This possibility has been the sul>j*(‘(‘t of e\i)erimcntal 
inquiry by a number of investigators. If the kidneys ])ro(lnc(‘d un^a 
to the extent of an important jiroportiou of the total output, then 
excision of the kidneys should lead to the disapiK^arance of un^a 
from the body, or at any rate should not lea<l to its a(*euinulation 
If, however, the kidneys simply eliminate urea whi<‘h is pnaluced 
primarily by other organs, then excision of the kidneys shouhl l(‘a<l to 
the accumulation of urea in the organs and tissue fluids This is what 
actually occurs, and the accumulation of urea uikIcu* these* circum- 
stances and in conditions involving inefficient excretion by tli<‘ hidmws, 
as in Nephritis, has been reiieatedly established 

We must therefore look elsewhere than to the kidneys for tli<‘ main 
source of the urea which they excrete. From a \ari<*(y of dilViu-iuit 
experimental results we can definitely affirm that (h(‘ Liver plays a 
very important role in the production of iii<‘a, wlu*tli(‘r it is tlu^ (‘\clu- 
sive source of this suhstaiice or not cannot he reganh'd as (hdiiuti'ly 
established, but a very large proportion of the total output originates 
in this organ. Thus if blood be perfused through tin* various organs 
in such a manner that the same blood passes without removal through 
the tissues over and over again, no accumulation of urea in tlu* blood 
is noted in the case of the kidneys or of muscular tissues, hut a v<»r\' 
pronounced accumulation occurs iu the blood which is perfused through 
the liver. 

The portal vein, which carries the blood containing absorbed food- 
stuffs from the alimentary wall to the liver, runs parallel with, au<I 
very close to, the inferior vena cava. Hy making an in<‘ision in tlu* 
adjoining sides of these veins and sewing the edges together, an oper- 
ation which is known as Eck’s Fistula, the portal circulation is short- 
circuited and the blood from the intestine, with its load of food 
products, no longer passes through the tissues of the liver. The liver 
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is, however, still nourished by the circulation from the hepatic artery. 
Animals upon which this operation has been performed will survive 
for relatively^ prolonged periods, and it was found by Pawlow and 
Nencki that in such animals the urea excretion is greatly diminished 
while the ammonia excretion is very considerably increased; in other 
words, that ammonia ;to a certain extent takes the place of urea in the 
urine of such animals. Confirmatory evidence is supplied by the 
effects of degenerative changes of the liver upon the urea output. 
In cirrhosis of the liver and in the liver-degeneration which is inducetl 
by Phosphoras-poisonijig there is a decided diminution of the urea 
output and a concurrent increase in the anunonia output. 

It is impossible to settle this qtiestion by extirpation of the liver in 
mammals, since they do not survive the operation for a sufficient 
period to permit observation of the excretory products. In birds, 
however, this severe operation may be performed without immediately 
fatal results. The birds do not, it is true, survive the operation for 
more than about twenty-four hours, but the time during which they 
live is sufiicient to enable us to ascertain the effect of the removal of 
the liver upon the excretory products. Unfortunately urea is not 
the normal end-product of protein catabolism in birds, its place being 
taken by Uric Acid, which forms from one-half to three-fourths of tlie 
total nitrogenous output. However, the uric acid which is excreted by 
birds is undoubtedly the physiological equivalent of urea. In fact 
when urea is administered to birds it is excretwl in the form of uric 
acid, so that were the tissues of birds to form urea it would nevcrthc- 
Ic.ss be excreted in this form The effects of extirjiation of the liver in 
geese were investigateil by Minkowski, with the following results. 

Per coni of total nitto|i;(‘ii in the* fox mi ol 
Uri< iKncl Ainiiionia 

lioforo oxUrpation 00 to 70 10 to IS 

After cxtnpatioii U to O 4/) to 60 


These results are decisive, and the orij^iu of at least 90 ixt (*(ait 
of the uric-acid output m binls must be iii the tissiu^s of tlu' liver, 
''rakiug all of these different experiments to^i;ether, therefore, and recol- 
lecting that the uric-acid excretion of birds is the ])hysiological equiva- 
lent of the urea output of mammals, we aie justified iu inferiing that 
the liver is a predominant if not the sole source of tli(^ urea output of 
mammals. Nevertheless some urea output c‘oiitinues in animals which 
have an Kck fistula, even when the hepatic artery is also ligated, so 
that blood is cut off altogether from the liver, and the output of urea 
is definitely increased under these circumstances by the subcutaneous 
administration of ammo-acids. We can hardly doubt therefore that 
other tissues besides the liver possess the power of manufacturing 
urea, although the size and functional activity of the liver enable it 
to play a predominant role in this, as in other chemical phenomena 
ill which it plays a part. 
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The (nifHtioii wliieli nexi arises is tliat of the eheinieal origin or jm*- 
cursor of urea. A <lireet origin from Arginine is inuiusliately suggesfe«l 
by mere inspec'tiou of the struettiral fonnula of tins atniiuMieui: 

/NHi 

NH = C. 

\Nir.<’H..OU».< ir») < '< )( ) H 


and since the discovery l)y Kossel and Dakin of the existence of an 
enzyme, Arginase in luiueous extracts of tlie liver, splet'ii, thymus and 
intestinal mucosa which dirwtiy splits arginine with the pro<iu<‘tion of 
urea and Ornithine: 


/NHt 

HN - O + 1W> 

\NlI.<:iri.C;H3.rH..<’H(NHii> coon 

/Nils 

HN-f’. I + C'Hj (NH,)<’II».<’IIs<'ir(NIIi).('()<)ir 

v> 

Umi Ornithino 


there can be no doubt that a proportion of the urea output originates 
in this manner. It can only be a small proportioti, h<)\vov<T, sinc^o 
urea forms over 80 per cent of the total nitrogen output am! only 
a very small percentago of the nitrogen intake is in the form of arginiiu^ 
radicals. 

The origin of the greater part of the urea output is undoubtedly to 
be traced to Ammonia formed by deaminization from the various amino- 
acids. We have seen that the decrease of ur<‘a output which ae<'om- 
panies interference with the liver-functions also results in a eorr<\spond- 
ing increase of the ammonia output in the urine, an<l this fact in its('ir 
would point to ammonia as a precursor of urea It can, ho\\<‘V(‘r, lx* 
directly shown that when aminouia in the form of Ammomum Carbonate 
is supplied to the liver, it is transformed therein into ur(‘a. ''I'luis 
Nencki and Pawlow have shown that the percentage of ammonia con- 
tained in the blood from the portal vein is considerably higluT than it 
is in the blood from the hepatic vein, showing that the ammonia is 
retained by the liver as the portal blood passes through it. I^'urtluT- 
more, when ammonium carbonate is administered to animals it apix'ars 
in the urine as urea, and, finally, von Schroedcr perfused tlu* isolatixl 
liver of the dog wdth ammonium carbonate and obtained, not only the 
retention of ammonia observed by Nencki and Pawlow, but also an 
actual replacement of the perfused ammonium carbonat<‘ in })art by 
urea. Ammonium Formate was similarly transformed, llie eonv(T- 
sion of ammonium salts into urea by the tissues of the liver has tluTe- 
fore been confirmed in a variety of ways. 

Urea is generally described as the diamide of carbonic aci<l which 
may be derived from carbonic acid by the successive introduction of 
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amino-groups, an intermediate stage of the process being the formation 
of Carbamic Acid: 


0.NH4 0.NH4 NH2 



O.NH4 NH» NH2 

HaO HaO 

Ammoniuiu carbonate Ammonium carbonate Urea. 

According to Werner, however, the true structure of urea is that which 
is represented by the formula: 

/NH» 

HN-O I 

\o 


or, in the presence of strong acids: 

/NHa 

HN*C 

\OH 

the amino-group being combined with the acid. Among many reasons 
for preferring this formula to the diamide formula may be cited the fact 
that urea is completely decomposable by a single molecular equivalent 
of Nitrous Acid, whereas, the older formula would require two. Nitrous 
acid, ill dilute solution, is devoid of action upon urea, but in the pres- 
ence of a strong mineral acid, the following reactions occur: 

/NH 3 /NHjHA 

HN=0 I 4 - HA— h^IIN^C 

\0 \()H 

/NHiHA 

HN =C; + HNOa + HNC^O -f- 2naO + HA 

\OH 

while the Cyanic Acid undergoes two simultaneous secondary decom- 
positions as follow: 

HNC'O 4- HiO 4- CO 3 

and : 

HNCO H- HNOa 4- Na 4- H 2 O 

The derivation of urea from arginine by hydrolysis is, of course, more 
readily explicable in the light of the new formula than in terms of the 
structure which was formerly ascribed to this substance. 

It has been shown by Macleod and Haskins that there is an equilib- 
rium in aqueous solutions between ammonium carbonate and Anoimo- 
nium Carbamate, so that if the ammonium carbamate is removed by 
transformation into urea a continuous renewal of the ammonium 
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carbamate ia tobe cxjM'cttHl.aiMl conrttxjutMitlyajjuanlKutivc <><»iiv<>r.si<iit 
of tho aminoiiimn (‘arboiiati* into urea. ^ 'Hh* formation of ammonium 
carbamate as an int<‘nn(*<liat<* proiluc't in tin* synthesis «>f urea in tin* 
body is shown by the fact that if alkalies he u(hninist(>red to auimals 
in conswlerahle qjuintity earhamates appear in alamdumv in the urine. 
A direct <*onversion of ammonium carbamate into urea has been 
acc'omplislu'd by I)r<‘<-liscl i>y simply passiuj? an alteruatiniu: <'urrent 
through its solution, i. c., by altcTuate oxidation aiul nsliu’tion which 
is, of course, tHiuivalcnt to (lchy<lration. We may infer, summing up 
the results of these various investigations, that ammonia <l<‘rive<l fr<»m 
amino-acids by the i)roccss of deaminiKution is convert<*<l by union 
with carbon dioxide into ammonium carbonate, which H{)outaneously 
undergoes partial transformation into ammonium carbamate. 'i'lu> 
latter substance is couverttKi by alternate oxidatioit ami redu<*tion in 
the liver into urea, whi<*h is subse<iuently <‘xpelled from th<‘ bo«ly by the 
kidneys. In Acidosis, whether iiulucml by disonlensl nu>tabolism or 
by the ingestion of aci<ls in exc'ess, this proerss is imp<sled and the 
ammonia is utilized in part to neutralize the exet^ss of a<‘ids in the blood 
and tissues. The outi>ut of Ammonia in the uritu*, tluTt'fore, ris«‘s in 
acidosis and is, in fact, a most valuable means of <h‘t<s‘ting ami <‘s1i- 
mating the severity of that (‘ondition. 

Next to urea, but as a rule far inferior to it iji amount, tin* most 
abundant nitrogenous constitiumt of the uriiu‘ is Creatinme: 

./Nil 

UN - (’ I 

\N(<’ii,) cn. 

this substance may be regarthsl as an anhydride of Creatine, or methyl 
guanidine acetic aeul: 

/Nih 

IIN » <’ 

which, it will be remembered, is an abumhuit eonstitU(>nt of inuseular 
tissues. 

The daily output of creatinine in man is from 1 .t) io 1 .7 gm., or from 
4 to G per cent of the total nitrogenous excretion. Our vi<*ws n'gaivling 
the probable origin of creatinine have undergone v(‘ry important 
modifications in recent years, thanks to the fundamentul invt'stigations 
of Folin, Van Iloogeuhuyze and Verploegh, and Mcllanby. It was 
formerly assumed without any doubt that tlie source of the creatinine 
in the urine was the creatine in the muscular tis.sues. This must now 
be considered to have become uncertain, and in any case we have <*ome 
tx) attach a very fundamental significance to the (treatininc excretion 
in the urine. 

^ It was first pointed out by Volin that with varying nitrogenous 
intakes the behavior of the creatinine output is fundamentally different 
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from that of the output of urea. The latter rises and falls almost in 
direct proportionality to the quantity of protein in the food. The 
creatinine output, on the contrary, remains almost unaltered whether 
the protein content of the diet be high or low. The creatinine output 
is not, therefore, derived from the diet. Thus, for example, Folin 
compared the urea and creatinine excretion on a high protein diet 
and a low protein diet, with the following very striking residts: 


Volume of urine 
Total nitrogen 
Urea-nitrogen 
Creatinine-nitrogen 


High protein diet 
1170 00 cc 
16 80 grams 
14 70 “ 

0 58 " 


Iiow protein diet. 
385 00 ce 
3 6 grams 
2 2 

0 6 “ 


The urea output, it will be seen, fell on the low protein diet to one- 
sixth of that obtained on the high protein diet. The creatinine output, 
on the contrary, remained almost unaltered. 

The statement that the creatinine which is excreted in the urine is 
not derived directly from the foodstuffs must be qualified to this extent, 
that if creatinine be contained preformed in the diet, the greater part 
of it is excretc'd in the urine unaltered within twenty-four hours. On 
the other haiul, if creatine be administered with the food it does not 
appear in the urine either in the form of creatine or creatinine. In 
fact it usually' ap])ears to he excreted by some other channel or else 
retained by tlu‘ Ixxly, for Folin in many instances administered crea- 
tine without causing any increase even in the total nitrogen of the 
urine. It has been suggeste<l by Mellanby that baideria in the intestine 
decompose the creatine and retain it in their tissues However this 
may be, these observations render it certain that the creatine which 
is contained pref<)rme<l in a meat-<liet is not the source of tlie creatinine 
in the urine 

Since the output of (*reatinine is so extraonlinarily inde])endent of 
fluctuations in the diet, Folin regards it as originating in the Endog- 
enous Metabolism of the tissues themselves, while a great ])art of the 
urea arises from the destruction by deaminiKatioii of amino-acids 
whicli have never become part of the living ]:)roto]>lasm of the body, 
and therefore re])resonts a product of Exogenous Metabolism, '^rhe 
exogenous metabolism rises and falls with the intake of fixxlstulfs, but 
the endogenous metabolism ])ersists practically unchanged under a 
variety of nutritional conditions. It represents the “wear and tear” 
or irreversible spontaneous decomposition of the tissues. 

It is questionable, however, whether the creatinine outi)ut represents 
the endogenous metabolism of the whole body or whether it does not, 
on the contrary, arise from the endogenous metabolism of the muscular 
tissues only, daily output of creatinine, although so constant 

in a given individual, varies in different individuals with the weight, 
and more especially with the degx’ce of muscular development. Obese 
persons, notwithstanding their body-weight, have a low creatinine 
output, while comparatively lean persons, who by virtue of muscular 
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development have a like weight, exhibit a high cmitiuine output. 
It is true that muscular work on a normal <liet <locs not increasti the 
creatinine output, but then we have seen that on a normal mixed diet 
the muscles do not derive their energy from the metabolism of their 
own substance (protein) but from the oxidation of carbohydrates. 
When, however, muscular work is performed during starvation, the 
creatinine output is definitely iiuTeastKl. In other wonls the actual 
destruction of muscular tissue results in an iruToase of creatinine 
excretion. 

It appears very probable that the normal produc*ts of the <lisinte- 
gration of tissue-protein are similar to or identk^al with tlu‘ substrates 
out of which tissue-protein is synthesissecl, namely, the amino-a(*i<ls, 
for we have seen that the process of tisvsue-synthesis is a balaiu^ecl 
reaction which is retanled by its products, and this can only be true 
if the products of the synthesis break <lown, in the first plac<% into 
the substances which form the substrates of the forward nwtion. The 
amino-acids which are thus set free are cast into the gt^ncral stock of 
circulatory and storage amino-ackls, undergo their share of exog<‘nous 
metabolism or deaminization, and participate with the ingested amino- 
acids arising from the foodstuffs in determining thc‘ Nutrient-level of 
the tissue-fluids. If the nutrient-level falls, as in starvation, tlu* amino- 
acids of tissue origin form a large proportion of the whole mass of <‘ir- 
culating amino-acids, and their deaminization results in a continual 
drainage which, in turn, results in a steady loss of tissu(‘-sul)stan<*(‘. 
There must, in fact, be an endogenous or tissue-source of ur(»a, for 
otherwise urea excretion would ultimately fall to zero in starvation, 
which it never does. In fact, even in starvation the urea output still 
exceeds very decidedly the creatinine output. On the otluT hand, if 
the tissues are compelled to use their own substance for tin* pc^rform- 
ance of external work, at any rate in miusc'iilar tissues, tlu* bn^akdown 
of the protein, or of amino-acids resulting therefrom, takers anotlu'i- 
course, with the production of creatinine. The clfcct of this must 
to initiate a process analogous to repair or Regeneration by the r(\syn- 
thesis of the lost tissue-proteins from amino-acids. 

Creatine is not a normal constituent of the urine of adult nuMi and, 
as has been stated above, the ingestion of creatine leads to no in<*r<'as(‘ 
in the creatinine output, nor does it lead to the ai>i)caranc(' of any 
creatine in the urine. In the urine of women, on the contrary, cn^atinc 
is found during menstruation and after delivery, and the ing(\sti<)ii 
of creatine leads to the appearance of a small proportion of tlu* cn^atiiu' 
in the urine. In the urine of children creatine is a regular <*onstitucnt. 
According to Krause it disappears from the urine of boys at about five 
or six years of age, but persists in the urine of girls until puberty. 
ingestion of creatine in children is also followed by an iiUTcasc in the 
creatine output in the urine. The adult has therefore acquired a power 
of destroying or utilizing creatine which is imperfect in women and only 
slightly developed in young children. 

Apart from the question of the nature of the tissues in which creatine 
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and creatinine originate, we have to consider the problem of the 
chemical precursors or parent-substances from which they originate. 
A very obvious possibility is that they may arise from Arginine. 

/NH* 

HN - C 

\NH.CHa.CH2.CH2 CHNH2.COOH 

by breaking the hydrocarbon-chain and methylation of one of the 
nitrogens in the guanidine nucleus. It has been discovered by Gross 
and Steenbock that arginine, administered orally in sufficient amounts, 
induces creatine-excretion in the pig. Creatinuria may also be induced 
in these animals by the administration of excess of Casein, but the out- 
put of creatine which may result is in excess of that which might be 
derived from the arginine contained in this protein; some other of the 
various component amino-acids in casein participates with the arginine, 
therefore, in augmenting the output of creatine. This amino-acid is 
probably Cystine, for Gross and Steenbock have found that administra- 
tion of cystine may cause creatinuria, but only when the H2SO4 which 
results from the oxidation of the sulphur is left unneutralized. If the 
necessary excess of sodium in the form of bicarbonate is added to the 
diet the creatinuria due to cystine disappears, but not that due to 
arginine or that proportion of the creatinuria due to casein-administra- 
tion which is attributable to its arginine-content In this connection 
it is of interest to note that creatinuria is frequently encountered in 
subjects suffering from Acidosis. 

Creatinine is a reducing agent and decolorizes cupric hydroxide in 
alkaline solutions, but does not precipitate cuprous oxide as the reduc- 
ing sugars do It is precipitated by Picric Acid, but if treated with 
l)icric acid in alkaline solutions it yields a red coloration which turns 
yellow upon the addition of acids (Jaffa’s Reaction). If an alkaline 
solution is treated with Sodium Nitroprusside the mixture turns ruby 
red (Weyl’s Reaction) and then yellow. If this yellow solution is treated 
with excess of acetic acid an<l boiled, it becomes first green and then 
blue (Salkowski’s Reaction). Jaffe’s reaction is utilized by Folin for 
the colorimetric estimation of creatinine 111 urine. Creatine is esti- 
mated by converting it into creatinine by boiling with dilute acid and 
then reestimating the creatinine. 

Uric Acid is an exceedingly important constituent of the urine, since 
it represents, in man, the end-product of the purine metabolism. The 
average output per day on a mixed diet is 0 7 gm., and the ratio of 
uric acid to urea varies between 1 : 50 and 1 70. 

Uric acid is derived from the Purine Bases by oxidation; it is 2, 0, 8, 
trioxypurine: 
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It may be prepare<l synthotirally from tirm aiul j^lycocoIL On 
heating in sealed tubes with hydrochloric acid, gly<*ocoll, carbon 
dioxide and ammonia are produced. It is capable of a<*ting as a weak 
acid and forms two series of salts, the Monourates, (‘ontaiiiing one, and 
the Diurates, containing two molecules of base. The so-(»alled qiuulri- 
urates are non-existent. 

Uric acid yields a variety of charactcristut color reactions, among 
which the MuxexLde Test, already described in connection with the 
purine bases, must be included. Uri<‘ acid is a reducing agent and 
reduces an alkaline cupric liydroxide solution; the quantity of uric 
acid which is i)resent in urine is, however, insuffi<*icnt to produ<*e an 
appreciable preci])itation of cu])rous oxide. If a dro]) of uri<* a(*id dis- 
solved in sodium carbonate be placed upon a filter-pap<*r moistened 
with silver nitrate solution, reduction occurs with th(5 pnxhudion of a 
yellow or brown spot (SebiJS's Reaction). If a weak alkaline solution of 
uric acid in water is treated with a soluble zinc salt a white i)r(‘cipitat<* 
is produced which gradually turns blue if exposed to light and air, or 
immediately, if treated with sodium persulphate (Qanassmi’s Reaction). - 
With a certain mixture of phos])horic and phos])hotungstic a<*i<ls uric 
acid yields a blue coloration (Folin and Macallum’s Reaction), the* 
origin of which is unknown. 

The elimination of uric acid is definitely increased by a di(‘t whi<‘h 
contains excess of purines or of Nucleic Acids. This is due to tlu‘ fact 
that the a<leninc and guanine, split oft* from the nu(‘l<uc acids, arc 
transformed m the tissues into Hypoxanthine and Xanthine, by tin* 
deaminizing enzymes adenase and giianase. The hypoxantliiiu* is sub- 
sequently eonverte<l into xanthine and the xanthine into uri<' a<*i<l b\ 
a specific oxidizing enzyme winch is foiuul in a varn'ty of animal 
tissues, and is designated Xanthme-oxidase * 


HN— C’O 


HC c— NH\ 

II II 

N— C'— N 

Hypoxanthinp 


CII + C) 


IIN— <•() 

UN 

1 

( ’< ) 

1 

1 1 

OC <•— NII\ 

1 

<)< ’ 

1 

<’ Nil 

1 II t'll 

H- () -> 1 

II 

IIN— <’— N ^ 

IIN 

(’ Nil 

Xanthine 

11 

iir tiritl 


Nevertheless, the elimination of uric ac'id continues on a purine or 
nuclein-free diet. In a series of experiments on himself an<l otli<*rs, 
Folin was able to reduce the daily elimination to gm. on a <li(‘t 
of cream and starch, but this minimum could not be rwlm^'d. Kvi- 
dently, therefore, there is, as in the case of amiuo-uehls and otlu'r foo<l- 
stuffs, an Endogenous Metabolism of 7)urines as c-ontrastwl with an 
Exogenous Metabolism That the endogenous metaboli.stu r(‘pre.sontH 
the actual breaking down of tissues as shown by the fact that if destruc- 
tion of tissue is remarkably augmented, as in pneumonia, leukemia, 
or severe burns, the uric acid excretion rises decisively. 

There is no evidence that mammalian tissues can .synthesize iirict 
acid from any otlier source than purines. It is true that the elimination 
of uric acid, and of purine bases also, is increased by an increase in the 
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dietary intake, but this is true whether the increase be nitrogenous or 
non-nitrogenous, and it follows very rapidly upon the intake of food. 
Thus, Hopkins and Hope, after fasting for six hours, consumed a meal 
of bread and potatoes, practically purine-free, with the following results: 





Urio aend. 

Timo 


Urea, grams. 

milligrams 

10 to 11 . . . . 

1 07 

26 

11 to 12 

. 1 13 

27 

12 to 

1 . . . . . . 

1 07 

24 

1 to 

2 (moal at 1.30) . 

0 64 

21 

2 to 

3 . . 

1 12 

22 

3 to 

4 . . . 

1 16 

38 

4 to 

5 

0 84 

40 

5 to 

6 

1 16 

56 

6 to 

7 

1 20 

39 

7 to 

8 

1 37 

30 

8 to 

9 

1 47 

33 

9 to 10 

1 33 

24 

10 to 11 

1 33 

23 


Thus a slight rise in the urea output occurred about six hours after 
the ingestion of the food and continued for some time, but a shar]) 
rise in the uric acid output occurrred within two hours, and the excre- 
tion fell to nearly the normal value again before the urea excretion 
began to rise It is not known where this uric acid originates, but 
it would api)car to be manifestly connected with the activities of the 
alimentary canal, and to be endogenous in origin It is for this reason 
that the uri<‘ acid and ])urine output is greater during the day than 
it is at night It has been suggested by Rose that the increased excre- 
tion of uri(‘ acid consequent iq)on protein-administration is due to the 
stimulation of the <‘ells by the stored-up ainino-acids, since the increase 
of excretion is at its greatest during the period of amino-acid storage, 
'^riiis fact becomes significant when we reflect that we have reason to 
believe that aniino-acids may be stored in the nuclei of the cells (C'ollip, 
see p, 290). 

In binls and reptiles the relationships are quite different These 
])ossess the i)ower of synthesizing uric acid, most proliably from 
Ammoma and Lactic Acid, since, if the liver be extirpated in binls, the 
place of the uric acid in the excreta is taken by ammonia, and large 
amounts of lactic acid are excreted concurrently. An increase of uric 
acid elimination in birds follows the administration of lactic acid am I 
other liydroxy-acids and dibasic acids of the aliphatic senes. Tliis 
power is, however, lacking in the mammalia. 

In the majority of mammals, uric acid is not the cnd-i)roduct of 
the purine metabolism, but undergoes in part or almost wholly, trans- 
formation into Allantoin which is excreted in the urine: 

HN CO H 2 N 

OC U NH\ OC CO NH\ 

I II CO + HaO +0-1 I CO + COa 

HN C NH/ HN CH 

Urio aoid. Allantom. 


42 
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This transformation, which is known as TTricolysis, is bronfjlit about 
by an oxidizing enzyme, Uriease, which occurs in tissutMJxtracts prt'- 
pared from the liver, kidney and other organs. It transforms uric acid 
almost quantitativdy into allantoin. It is probable, however, that the 
destruction of uric acid does not stop at this stage but i)rocewls further 
and ultimately to the formation of urea ami other products. Thus, 
Ascoli and Izar have shown that if an extract of liver which has com- 
pletely destroyed a given sample of uric acid in the presence of oxygen 
be excluded fiom oxygen, the uric acid is gradually refonned. This 
is what one would expect if we had here to deal with a reversible oxida- 
tion. The curious feature of their results is, however, that the addition 
of allantoin had no effect upon the production of uric acid, appearing 
to indicate that the production of allantoin was not an interniediatcs 
step in the resynthesis. 

The power of uricolysis is absent from tlic tissues of man and the 
chimpanzee— a fact which would have gladdened the heart of Iluxlcy 
could he but have known it. All other mammals, so far as we know, 
contain uriease in their tissues. The following results, cited after 
Hunter and Givens, show the relative proportions of uric acid and 
allantoin in the urine of various mammals. The "Uncolytic Index” 
is the proportion, expressed as a percentage of uric acid, which has 
been converted by the animal into allantoin. 


PercontdiRO of punuo-allantoiii- 
Total purino nitrogon 


ders and species 

nitrogen, 

gms 

Allantoin 

Uno acid 

Haufti 

llri(*olvtio 

Index 

Marsupialia: 

Opossum 

Rodentia 

. 0 04 

70 0 

19 0 

(i U 

79 

Rabbit . 

, , , 




95 

Guinoa-pi|f 

. 

91 0 

0 0 

3 0 

91 

Rat 

Ungulata. 

• 

93 7 

3 7 

2 7 

90 

Sheep 

0 2 toO C 

04 0 

10 0 

20 () 

80 

Goat 

1 0 

81 0 

7 0 

12 0 

92 

Cow 

8 0 

92 1 

7 3 

0 7 

9.3 

Horse 

1 6 

88 0 

12 0 

0 r> 

S8 

Pig . 

Carni vox a 

0.3 

92 3 

1 8 

5 S 

98 

Raccoon 

, 

92 0 

5 4 

2 0 

95 

Badger 

0 25 

90 0 

1 9 

1 2 

98 

Dog . 

0 1 to 0 3 

97 1 

1.9 

1.3 

98 

Coyote 

Primates 

. . 0 16 

95 0 

2 0 

1 8 

97 

Monkey 

0 045 

00 0 

8.0 

2(S 0 

89 

Chimpanzeo 

, , 


0 

Man 

. . 0 2 

2 0 

90*0 

8 0 

2 


Allantoin has been isolated by Hunter from the blood of the ox, pig, 
horse and sheep, but could not be detected in the blood of man. 

It is not by any means certain, however, notwithstanding the 
inability to convert unc acid into allantoin, that the tissues of man 
cannot destroy xiric acid in some other manner. Thus, Taylor and 
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Rose fed a human subject for three days on a diet very low in purines, 
namely, milk, eggs, starch, and sugar. For three days following, a 
part of the protein, namely, 3 gm. per day out of a total of 10, was 
given in the form of sweetbread*' nitrogen (sheep's pancreas). For 
four days succeeding this twice as much sweetbread" nitrogen was 
given, namely, 6 out of 10 gm., and this was succeeded by a period of 
four additional days on a purine-free diet. The following were the 


results obtained: 

lat period, 
purine-iiree diet. 

2d period 

3d period 

4th period, 
purmc-freo diet 

Total unnary N 

. 8 9 

8 7 

9.1 

8 80 

Urea N + NHa . 

. 7 3 

7 1 

7 1 

7 06 

Creatinine N 

0 58 

0 55 

0 56 

0 47 

Purine N (total) 

0.11 

0 17 

0 26 

0 10 

Uric acid . 

. 0 09 

0 14 

0 24 

0 07 

Undetermined N 

. 0 91 

0 88 

1 18 

1 18 


The intake of purine nitrogen in the second period was 0.17 and in 
the third 0.34 gm. per day, so that the increased output only accounted 
for one-half of the intake. The purine was not simply stored, to 
be excreted later, for as soon as the purine-rich diet ceased the excre- 
tion fell to the figure previously obtained on a purine-free diet The 
only alternatives that remain are either that part of the purine was 
never absorbed from the intestine or else that the tissues of the subject 
destroyed the purines in some manner which did not result in the 
formation of uric acid or allantoin. We may recall the observations 
of Ascoli and Izar, cited above, which tend also to the conclusion that 
there are means of destroying uric acid in the tissues which do not 
involve tlic jiroduction of allantoin as an intermediate stage 

In ])ersoiis afflicted with Gout dc]K)sits of uric acid form in various 
tissues an<l jiarticularly in the joints The origin of these de])osits has 
been the subject of much investigation. There is a definite increase in 
the uric-acid content of the blood in such iiersons, although the uric- 
acid out])ut in the urine is not above the normal, hividently, there- 
fore, the kidneys are functioning abnormally and in such a way as to 
constitute a barrier to the excretion of uric acid Tha limiting con- 
centration in the blood at which transmissal through the renal e])!- 
theliiun begins is raised, and hence the uric acid, damme<l back in the 
blood, accumulates therein. This alone, however, is not a sufficient 
cause of gout, for uricemia occurs also in nephritis, and in lead poison- 
ing, without the production of gouty deposits. It has been suggested 
that the solubility of uric acid in the blood is diminished in gouty 
persons, but no positive evidence of this has been advanced. The 
origin of the tendency of uric-acid deposits to form in the joints when 
they do occur at all is, however, rendered clear by the fact upon which 
emphasis is laid by Taylor, that Cartilage, possibly owing to its high 
content of sodium salts, diminishes the solubility of sodium urate in 
water, so that -deposits are precipitated upon it from saturated solu- 
tions. 
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The solubilities of the monourates of potassiuin, sodium and annno- 
nium at 37® C. in water have been deteniiined by (ludKont as follows: 


Salt of urio aoid 
Potassium 
Sodium 
Ammonium 


Solubility in MraniM por lit or. 
2 7002 
1 .*>012 
0 7412 


The solubility of sodium urate in blood is, however, no less than tlirt‘<‘ 
times its solubility in water (Taylor). This is not due to the formation 
of diurates, since at the reaction of the blood diurates <*ann<)t exist. 
The nature of the factor which so greatly inert'juses the solubility of 
uric acid is unknown. 

It was formerly considered possible to remove uric aei<l from the 
body by administering Alkalies, the assumption being that tin* greater 
alkalini ty of the blood resulted in the formation of the more soluble 
diurates. We now know that the alkalinity of the blood is only 
increased to an almost imperceptible extent by this means and that 
the maxi mum alkalinity attainable would not suffi<‘e to fonu diurates, 
or indeed to influence perceptibly the solubility of uric aci<l N(‘ver- 
theless, the administration of certain alkalies may be assunu‘d to 
facilitate the solution of uric acid by the formation of a <*ertain ])ropor- 
tion of the more soluble potassium salt, or of the lathium Urate, which 
is the most soluble salt of uric ackl. 

The most remarkable effect upon the elimination of unc acid is, 
however, that of phenylquinoline-earhonie acid or Atophaa* 

CH (’— (’OOIl 



HC c (’ll 


HC <’ (’— C’.IU 



OH N 


The administration of this substance and of otluT (luinolinc-carbonic 
acid derivatives has been shown by Nicolaier to increa.s(> th<‘ amount 
of uric acid excreted by the kidneys to an extraordinary <‘xtent, <‘vcn 
to twice or three times the normal amount. No other ])hysi<>logical 
effects are noted and no other constituent of the urine is altcn'd in 
amount. The increased elimination occurs on a purine-frw! di(‘t and 
has been shown by Folin and Lyman to be accompanied by a fall in 
the uric acid content of the blood. In other words the hyi>er(*xeretion 
of uric acid is due to the increased penneability of the kidneys for this 
sub.stance, just as the glycosuria following phloridisiu administration 
is due to increased permeability of the kidneys for glucose. The 
hyperexcretion does not persist if the administration be continued, 
the daily output sinking within a few days to only slightly above the 
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normal level, probably because the available supply of urates in the 
bloo<l aiul tissue-fluids has become exhausted. There is, however, a 
continuous slight hyperexcretion throughout a prolonged period of 
administration, and when nuclear tissues are administered in the diet 
a greater proportion of uric acid is excreted in consequence than is 
usually the case. The formation of uric acid from the nucleic acids is 
thus facilitated by atophan, but this effect is probably only a secondary 
(»ie, depending upon the reduction of the concentration of the urates 
in the tissue-fluids, and the tendency of the tissue-enzymes to spon- 
taneously reestablish the normal equilibrium between the blood and 
the tissues. 

The only amino-acid which normally occurs in urine is GlycocoU, 
or amino-acetic acid, which, in very small amounts, appears to be a 
constant constituent. If, however, an excess of leucine or alanine be 
introduced into the circulation they will appear in the urine. It would 
appear that, normally, deaminization and utilization are too rapid to 
permit of the accumulation of amino-acids in the blood in sufficient 
amount to cause elimination by the kidneys. If, however, the rate of 
deaminization be slowed, as, for instance, in degenerative changes of 
the liver induced by chloroform-necrosis or phosphorus-poisoning, then 
a variety of amino-acids may appear in the urine. It is also stated by 
I,oewy that the amino-acid content of the urine is increased at high 
altitudes. 

When the urea, creatinine, uric acid and glycocoll of the urine are 
added together, there is always a considerable remainder of nitrog- 
enous excretion. Part of this arises from the sulphur-containing and 
<‘onjugated excreta which are about to he described, part is stated by 
Abclcrlialden and I’regl to be present m the fonn of Polypeptides which 
yield gly<*ocoll, leucine, alanine, glutamic acid and jihenylalaniiie on 
hydrolysis. When all the nitrogen in hitherto defined substances is 
summed mi, however, tluTe is still a small remaiiuler which, although 
it arises from substances excretetl in small amount, may nevertheless 
be of jiliysiological importance It is derived in jiart from exogenous 
and in jiart from endogenous metabolism. 


CONJUGATED EXCBETA. 

A variety of substances occur in the urine which arise from the 
union of a genuine excretory product with anotlier molecule which 
serves as a vehicle to accomplish its elimination. Such excreta are, 
for example, the Conjugated Glucuronic Acids, which are normally pres- 
ent in the urine in small amounts and are greatly augmented by the 
ingestion of certain poisons, of which a partial list has been given in a 
previous chapter (Chapter III). The function of the glucuronic acid 
moiety of the molecule appears to be in the main to render harmless 
the associated substance which is usually of a toxic character. Only 
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definite classes of toxic suhstanws are oliininated in this manner, 
however. 

The Glucuronates which normally occur in the urine art* in the main 
tlie phenyl, incloxyl and sktvtoxyl gliunironates, th<< latter two in very 
ainfl.11 amounts. The phenol, indoxyl and skatoxyl radicals tire <lerivt*<l, 
it is believed, mainly from i)utrefactive dt*composition of aromatic 
amino-acids, particularly tyrosine anti tryptophane, by the intt*stinal 
bacteria. These substances are in them3elvt*s very toxic, but their 
conjugates with glucuronic acid art* harmlms. Upon boiling with 
dilute acids or occasionally even t>n allowing urine to slantl, they 
decompose, setting free glucuronic iwid and the a.ssociat<*<l ratiu'til of 
the conjugate. 

The origin of the glucuronic lu-id in urine is unknow-n. Th<* most 
natural assumption is to suppose that the toxic substan<*t‘s wliieh art* 
eliminated in this way combine in the hotly with glucost*, anti tluit tht* 
oxidation of glucose is by this so hintlert*tl, that it tmly prot*et*ds as 
far as the conversion of the primary alcoht>l-grt)up into a cnrl>o.xyl- 
group. Certainly the phenyl-glucurtmic jieid is a t‘oinpountl of tin* 
glucositle type, i. e., the phenyl ratlit'al is att»M'ht*<! tt> tht* ghicuronit* 
acid by the altlehydc-group. On the other hand if camphor bt* admin- 
istered in large amounts tt) phloritiisiniKed tlogs, although the t‘\cr(‘tion 
of glucuronates is very greatly int*rt*ast*tl tlu*rt‘by, tin* 4*xcretion of 
glucose is either not tliminishetl at all t>r only shglitly diminisln*d, a 
fact which would appear to indicate some otlier source tiian glucost* 
for the glucuronic acitl. 

A very important cxcrt*tt)ry ct)njugatt* is the conjugat(*<l sulphuric 
acid, indoxyl-sulphuric* acitl or Indicaa: 


t:t)HOj()ir 

(:«H4 <’H 

Nil 


which yieltls Indigo when treatetl with tixitlizing agents, '^riiissubstauct* 
arises by conjugation of intlt)xyl with sulphurit* acid anti is tin* form in 
which the greater part of the iutltixyl tiutinit is present in tht* urint*. 
ITie intloxyl output varies with the extent t)f i>utrt*factivt* i>rot*csst*s 
in the intestine. Any measure, tif Intestinal Stasis, such as that in<luct*d 
by tying off a loop t»f small intestine, results in an inert'ase of tht* 
indican output. The subcutanetms injcetitin of intlolt* leatls tt) an 
increased output of indican, while the atlministratitm t)f an ext*e8S t>f 
Tryptophane in this way tloes nt)t. Kvitiently the tissues tlo not tlectnn- 
pt)se tryptophane in such a way as to liberate indtilu, while the intes- 
tinal bacteria, like the majtirity t)f putrefat*tivc bacteria, genenite a 
large proptirtion of indole from tryptophane, which, after abst>r{>tit)n, 
is oxidizetl tt) indoxyl and then excretetl in the form intlicatcti aiiovc. 
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It must be remembered that the indican output, although generally 
running parallel with the degree of intestinal stasis or putrefaction, is 
not a reliable measure of intestinal putrefaction when taken by itself, 
for the output depends, not solely upon putrefaction, but also upon 
the proportion of tryptophane wMch is contained in the proteins of 
the diet. Thus, if a large part of the protein intake be supplied by 
Qelatiu, which contains no tryptophane, the indican output becomes 
very small, although putrefactive processes may not be diminished in 
the slightest degree. Then, again, even upon a standard diet, the out- 
put of indican may be expected to vary greatly with the type of infect- 
ing organisms in the intestine. Thus, Herter has shown that BouyiUus 
coli oomaminis produces indole but only traces of skatole, which is 
the methyl derivative of indole, while certain anaerobic putrefactive 
bacteria produce skatole, in preference to indole, from ti^tophane. 
Skatole does not appear to be normally excreted in the urine, at least 
in the form of a conjugated sulphuric acid. 

Plienol-siilphuTie Acid and CSresol-sulphuiic Add are constant con- 
stituents of urine, and, as in the ease of indican, the output is obviously 
derived from the products of intestinal putrefaction. It is probable 
that these substances, of which the total excretion may amount to 
50 mg. per day, originate from the putrefactive decomposition of 
Tyrosine and Phenylalanine. 

It has been shown by Pelkan and Whipple that the conjugation of 
phenols with glucuronic and sulphuric acids is performed by the tissues 
of the liver, so that the proportion of conjugation which a toxic phenol 
undergoes in its passage through the body* affonls a measure of the 
functional efficiency of the Liver. After the intravenous administra- 
tion of plienol it is rapidly and uniformly distributwl to all the bo<ly- 
flui<ls and tissues. Free phenols thereafter rapidly disappear from the 
blood, and the concentration of conjugated phenols in the blood reaches 
a maximum in about one hour after administration, subsequently 
declining owing to excretion. If the circulation through the liver is 
lessened by deflecting the portal circulation into the vena-cava (Eck’s 
Fistula) the si)ced and amount of conjugation are greatly reduced, some- 
times to one-third of the normal. If, in addition, the hepatic artery 
is partially occluded by ligation, the output of conjugated phenol 
falls to 3 to 5 per cent of the normal. Slight Chlorofonu or Phosphorus 
injury to the liver has little effect upon phenol-conjugation, but exten- 
sive injury reduces it greatly and lethal injury abolishes conjugation 
altogether. In view of these findings, Pelkan and Whipple suggest 
that the lethal outcome of the Eck fistula operation or even of chloro- 
form or phosphorus poisoning may be due to lack of detoxication, of 
which the failure to conjugate phenols is an example. 

In general it may be said that while aliphatic alcohols, terpenes and 
many phenols are excreted in the urine in conjugation with glucuronic 

1 The xion-toxic phenols, such as the oxyphenylpropionio, oxyphenylaoetio and oxyben- 
zoic acids, produced from tyrosine, are excreted without undergoing conjugation. 
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acid, the greater part of the i)henol» an<l polyphenols are exeretwl in 
conjugation with aulphuric aeul. Yet a third veliiele of exer<‘tion is 
that afforded by conjugation with OlycocoU, or ainino-aeetie aeid. 
Thus, Benaoic Aeid appears in the urine, after administration, in tlu; 
form of the conjugated Hippurio Acid: 

C,H.C;OOH + f'n»NHrf^:0(>U - 0.n,C'()HN(’H:K’<)<)n ^ IM> 

Benaoic acid. (Slyoocoll Uil>I>uric and 

Hippuric aeid is a very abundant constituent of the urine in Iler- 
bivora, comparatively scanty in the urine of (’arnivora, an<i inter- 
mediate in amount in the tirinc of partially herbivorous animals like 
ourselves. The daily excretion in man, subsisting upon a normal 
mixed diet, is about 0.7 gm., but after eating (|tiantiti<*s of vegetables 
or fruits it may rise as high as 2 gm. 

The synthesis of hippurie a<‘i<l from beuKou* aei<l and gly<‘oeoll is 
accomplished within the tissues of the kidneys themselves. 'Hiis, in 
fact, was the first synthetic process which w’as definitely shown to take 
place in animal tissues (by Schmiedeberg and Hunge) ami Jilso tin* 
first to be performed by admixture of the components of tin* rea<*tion 
with macerated tissue. Tt is not improbable, how<*v«*r, that sonn* 
measure of hippuric acid syntluwis may also oc<*ur in otln*r organs. 
Thus, Delpratand Whipple have showrn that although tin* syntln*sis of 
hippuric acid following upon the a<lministration of benzoic acid is 
not prevented by extensive chloroform-in*<*rosis of the Iiv<*r, it is 
nevertheless distinctly delayed. They infer that tin* liv<*r normally 
takes part in the synthesis, but that other tissu<*s may, in an <*nn“rgency , 
take over the whole or the greater jiart of the Inppunc a<*id syntln*sis. 

When large amounts of benzoic acid ar<* administered to animals tin* 
elimination of glycocoll is far in excess of the glycocoll wln<*h could lx* 
obtained by simple hydrolysis of the iiroteiii. 'Finis, M<*('ollnin and 
Hoagland brought a pig into a condition of minimal introg<*n nn*tab- 
olism by administering a <liet of starch containing 75 ealori<*s per 
kilogram body-weight. To tliis diet was then add<*<l varying amounts 
of benzoic acid, and finally hydrochloric acid and b<*nzoic aeid w<*n* 
given together. The total nitrogenous outjiut and its partition among 
the various nitrogenous fractions in the urine w’cre ileterinined in tin* 
different periods of the experiment with the following rt*snlts: 


Penod 

No. of 
days. 

Pood j 

Total 

N 

Uroa 

N 

Nil. 

N 

kit catmint* 

1 N 

Iltppunt 
Ufltl 1 
otlior N 

I 

12 

Starch, 75 oal per kilo + 

2.56 

1 43 

0 21 

1 0 488 ; 

0.424 



alkali salts 




1 


II 

4 

Same + 4 e benzoic acid 

2 63 

1.29 

0 21 

1 0 450 ' 

0 681 

III 

7 

Same + 10 g. benzoic acid 

2 23 

0 58 

0.22 

1 0.484 

0.948 

IV 

5 

Same •+ 16 g. benzoic acid 

2.86 

0.55 

0.38 

1 0 437 , 

1 492 

V 

5 

Same + 16 g. benzoic acid 

4 03 

0.54 

1.44 

1 0.424 

1 .632 



+ 10 g. of 26 per cent. 
HCl 




i i 
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It will be seen that despite the great increase of hippuric acid excre- 
tion induced by these large dosages of benzoic acid the total daily 
nitrogen elimination was unaffected. Evidently body-protein was not 
attacked to provide the glycocoll needful for the synthesis of the hip- 
puric acid. The glycocoll was evidently derived at the expense of the 
urea-fraction, and the endogenous catabolism, in so far as it is repre- 
sented by the creatinine output, remains unaffected. On the other 
hfLud the acidosis induced by hydrochloric acid resulted in a large 
increase of the total nitrogen output, the chief part of the increase 
being Axnmoziia, which performs the protective function of neutralizing 
a part of the excess of acid. The urea and creatinine output were alike 
unaflFected by the administration of the acid. 

The glycocoll moiety of hippuric acid must therefore be traced to 
the same origin as urea, and this, it will be remembered, is the amino- 
acids of the tissue-fluids. No less than 36 per cent of the nitrogen of 
the food may be excreted as hippuric acid, and no protein contains 
this percentage of glycocoll. It is evident that glycocoll may be 
synthesized from other amino-acids. It might be imagined that the 
benzoic acid unites with other amino-acids, which thereafter undergo 
partial oxidation until only the residue of glycocoll is left. Injec- 
tion of such compounds synthetically prepared, however, leads to no 
iiuToasc in the hiiipuric acid output It seems probable, therefore, 
that glycocoll may form a normal disintegration-product of many 
amino-acids, that under ordinary circumstances it is finally deaminized, 
but that when toxic substances that will pair with it, namely, aromatic 
acids, arc i)rescnt in the tissue-fluids, deaminization is prevented by 
the conjugation 

''Fhe ])owcr of the tissues to synthesize glycocoll is of very great 
iin])ortancc, siiu‘c it not only enables the body to protect itself against 
such poisons as benzoic acid, but also enables suckling animals to 
synthesize their tissue-jiroteins from a protein which is totally lacking 
in glycocoll, namely, the casein of milk. 

When the adininistration of benzoic acid is jnished beyond the 
limit of the glycocoll available from the proteins of the diet the protec- 
tive mechanism breaks down and free benzoic acid api>ears in the 
urine. Under no circumstances, it appears, are tissue-proteins attacked 
for this puriiose nor are the proteins of the blood broken down to fur- 
nish glycocoll, for the ratio of albumins (containing no glycocoll) to 
globulins in the blood-serum remains unaltered by benzoic-aci<l 
administration 

In the metabolism of birds. Ornithine, or diamino valeric aci<l, plays 

CH2(NH2)CHs CH2.C’H(NH2)C00H 

the part which is taken by glycocoll in the metabolism of mammals, 
or, at all events, to the extent of being the substance utilized to detoxi- 
cate and eliminate benzoic acid. The conjugated acid which appears 
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in the urine of l>ir<ln when lH*UKoi<* »wi<I is iwiministerwl to them is 
Oniflmiic Acid, whi<‘h splits into beiwoie acid ami ornithine when it 
is hy<lr()l.y!ze<l. 

AROMATIC OX7AC1DS. 


The putrefac'tion of i)rt)teius in the intestine r<‘siilts in the formation 
of Paraoxyphenylacetio Acid and Paraoxyphenylpropionic Acid as inters 
mediate st}i#»es in the decsoinposition of tyrosine, ami they i>ass in small 
amounts unchanged into the urine. 

It has been observed, from the middle ages, that human urims in 
certain very rare instiinees, may gradually (larkt'n on <‘xposure to air 
and ultimately turn bla<‘k. The individuals exhibiting this pwuliarity, 
which is designated Aleaptonuria, arc very rare, and yet the condition 
constitutes a <lefinite pe<‘uliarity of metabolism which has often been 
described and has bwn very ean*fully invc'stigatt^cl. 'I'lu* darkening 
is due to the spontaneous <»xidation of <liox,vphenyl a<*<'fic acid or 
Homogentisic Acid: 

(’II 

lie con 

I I 

HOC (’ll 


(5 

I 

CII, 

I 

('(K)n 


which is a constituent of the urine of tlu’sc persons. The individuals 
who display this peculiarity do not ajijM’ur to suffer any nieonveniene<> 
from it, and eases only reach the idiysieian through the alarm created 
by the extraordinary appearance of the urine after standing, or by 
failure to scx'urc an insurance-policy, for dioxyiihenyl a(‘(‘tie acid is a 
reducing-substance and such aea.se may be ix'ported by a physician 
who is unfamiliar with the tyineal indu’ations of tlu’ dis('as(' as suffi’r- 
ing from glycosuria. The reduction of cupric hydroxuh’ solution by 
the urine of an alcaptonuric individual is, howcviT, ae(’oinpani(*d by 
darkening or even blackening of the fluiii, so that no confusion of 
diagnosis should be possible even on superficial observation. 

The homogentisic acid in aleaptonuria arises from the tyrosine and 
phenylalanine radicals in the proteins of the food. If the diet contains 
little tyr()sine or phenylalanine the output sinks, if much it rises. 
The administration of tyrosine or phenylalanine by mouth, or of 
glycyltyrosine hypodermically, leads to quantitative excretion of the 
aromatic nucleus in the form of homogentisic acid. The elimination 
c<>ntinues, although it is reduced in starvation, and this, together 
with the fact that it may be enhanced by subcutaneous or intravenous 
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administration of the parent acids, shows that the homogentisic acid 
is not derived from intestinal cleavage or putrefaction. 

Evidently the alcaptonuric is unable to complete the oxidation of 
the aromatic nuclei of Tyrosine and Phenylalanine, just as the Diabetic 
is unable to complete the oxidation of /8-oxybutyric acid. Curiously 
enough, however, as Garrod and Neubauer have shown, trj^ptophane 
is normally utilized by persons who display alcaptonuria. 

According to Garrod there is but one degree of alcaptonuria, and that 
is complete. Either the excretion of homogentisic acid amounts to 
several grams a day or it is absent from the mine, and usually the 
condition is present from earliest childhood. It is evidently the exog- 
enous metabolism only of tyrosine and phenylalanine which is affected, 
for no defect of development or loss of weight in the adult occurs, 
such as we would expect to happen were tissue-protein destroyed to 
produce the homogentisic acid. It is the circulating amino-acids, 
which normally undergo complete combustion after deaminization, 
which are the source of this substance. 

It is probable that homogentisic acid represents a normal inteiv 
me<liate product in the oxidation of the oxyphenyl-oxypropionic acid 
which results from the deaminization of tyrosine. The curious fea- 
ture of the transformation, however, resides in the fact that whereas 
tyrosine has only one hydroxyl-group in the benzene nucleus and that 
in the para position, homogentisic acid has two, one in the ortho and 
the other in the meta position. It is found, however, that this is the 
only class of dioxyphenols which is oxidized by normal persons, other 
(lioxyphenols being excreted in the form of conjugates in the urine. 
The alcaptonuric therefore differs from the normal person in that his 
inability to oxidize diphenols extends to the single class which normal 
individuals can oxidize, namely, those in which the hydroxyl-groups 
occupy the ortho and meta positions relatively to the siile-group. 

Eynurenic Acid, or 7-oxy - jS-quinolincarboxylic aciil • 


CH COH 



HC C OH 



is found in dog’s urine but not in the urine of other animals. It is 
derived from Tryptophane, for the administration of tryptophane to 
dogs leads to an increased output of kynurenic acid, and even in rabbits, 
which normally do not excrete this substance, appearance of kynurenic 
acid in the urine may be induced by excessive administration of 
tryptophane. 
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WASTE PRODUCTS OF THE SULPHUR METABOLISM. 

The wiiste-prcMhicts of ihe sulphur mchihoUsm art* of tlirit‘ types, 
namely, iDorganic Sulphates, Ethereal or Conjugated Sulphates au<l the 
Nentr^ Sulphur eoiniK)un(ls, in which the sulphur is not pn'si'iit as a 
sulphuric acid ra<lieaL 

'riiese thrt'c fractions have bwn found by Kolin to vary in a <’har- 
acterivStie manner with the ahuiulanec of proteins in the diet. On hif;h 
and low jjrotein diets rt'sptxjtively the following daily output <»f the 
various .sulphur-<‘ontaining exereta was observtnl : 


Volume of urino 
Tol/oJl nitrofiEon 
Total sulphur (WOs) 
Inorganic S('>8 . 

Ethereal SOs . . 

Neutral SO» 


Protom-rich tliol. 

1170 CO 
1(1 80 gin. 

3 04 " 

3.27 « (90.0 per rent) 

0 10 « ( r> 2 per eeiiO 

0 18 ** (4.8 per cent) 


Protein-poor ilirt 
HS/S cc 
3 00 gin. 

0 70 “ 

0 40 “ (00 5 i>er cent) 

0 10 “ (J3 2 per cent) 

0 20 ** (20 3 per cent) 


It will be observed that a reduction of the total sulphur output 
to oue-fifth, retluced the output of inorgani(‘ Hulpluit(\s to oiu‘«Hcv<‘nth, 
and of ethereal sulphates to oiu*-half, while the output of lUMitnil 
sulphur remains unaltered. Folin draws an anaIop:y b(‘t\ve(ui tlu' 
neutral sulphur output and the (Teatinine output anion)*: th(‘ nitrog- 
enous excreta, and regards the neutral sulpliuras originating from the 
degeneration of tissue-protein, the Endogenous Metabolism, whih^ tlu^ 
inorganic sulphates represent the extent of Exogenous Metabolism or 
the destruction of circulating ainino-aeids whk*h hav(‘ not Ix^eonu' 
constituents of living tissue. 

The ethereal sulphates, rei)resenting (‘onjugatod i>h('no!s, indic^an 
and so forth, have usually bmi regardiHl as indicative of th<' (*\t<‘nt of 
Intestinal Putrefaction. The relatively slight degnx* to whi<‘}i <lu\v ar(‘ 
reduced by a reduction of protein intake to one-half is adduc<Ml by 
Polin as an indication that they may possibly arise from tlu' endog- 
enous metiibolisrn of tissues. It is to be noted, however, as Hopkins 
has pointed out, that we have no right to assume that Intestmal Putre- 
factions are reduced proportionately to the reduction of tlu» i)rot(*in 
intake. On the contrary, the proportion of the protein intak<" which 
reaches the lower intestine without absorption is as a rule very small, 
unless it chances to be a form of i)roteiu which is indigestible, such as 
raw egg-albumin, or which contains a large glycocoll-fraction, suc'h as 
gelatin. A large proportion of the putrefaction in the lower intestine 
must be attributed to the protein contained in the mucous secretions 
of the intestine itself. Thus, Whipple has shown that toxic proteoses 
of bacterial origin may be absorbed from an isolated loop of intestine, 
from which the contents have previously been removed. Hence 
reduction of the protein intake only reduces one, and not necessarily 
the larger source of intestinal putrefaction, and the reduction of 
ethereal sulphates to one-half, by a reduction of protein intake to one- 
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fifth, is probably the utmost that could be expected. We may, there- 
fore, ascribe to the ethereal sulphates, as to the inorganic sulphates, a 
primarily exogenous origin. 

Another channel of sulphur excretion is the Bile, wherein sulphur 
is contained in the form of Taurine, which, combined with cholic acid, 
forms the taurocholic acid fraction of the mixed bile-acids. Taurine 
is amino-ethyl sulphuric acid, and its relationship to the sulphur- 
containing amino-acid of the tissue-proteins. Cystine, is shown in the 
following fonnulae: 


OH»— s— s— ca 

I I 

CHNa CHNHi 

ioOH COOH 

Cystine. 


CHsCSOaOH) 

CH2NH2 

Taunnc. 


The taurine thus excreted is mainly reabsorbed and either reexcrcted 
as taurocholic acid or else eliminated in the urine. It will be observed 
that the relationship of taurine to cystine is a very simple one, 
decarboxylation and oxidation of the sulphur serving to convert the 
cystine into taurine. This being the case it is of interest to note that 
the excretory products to which these compounds give rise are very 
ilivcrse, for while the major portion of the absorbed cystine is oxidized 
to Sulphates which are eliminated as such in the urine, Schmidt and 
Allen have sliowm that taurine is eliminated unaltered. Thus the 
administration of <‘ystine leads to an increase of urinary sulphates, 
while the a<hninistration of taurine leads to an increase of Neutral 
Sulphur out])ut. 

The fact that the administration of cystine, whether by mouth or 
intravenously, results in an increased output of inorganic sulphates, 
suggests that a iiortion of the endogenous sulphur metabolism may 
he re])resented in the inorganic sulphates, for, as we have previously 
argued in eonneetion with a possible endogenous origin of urea, if the 
(*irc*ulating amino-acids stand in equilibrium with the tissue-ami no- 
ac*ids, as tlie results of Van Slyke indicate, and these latter in eepn- 
librium with the tissue-proteins, then the disintegration-jiroduets of 
tissue-proteins must be the amino-acids themselves, for otherwise 
jirotein synthesis would go on indefinitely and uneheeked. Hut the 
amino-aeids, including cystine, of course, when once released from 
the tissues, must be thrown into the common supply and undergo their 
share of exogenous metabolism. Indeed, it may be questioned whether 
the neutral sulphur output really represents the metabolism of cystine 
111 the tissues of the body considered collectively, or whether it does not 
possibly represent the (lestruction of a special fraction of the cystine 
which is (converted by tlie liver into taurine and a series of products 
obtained from the sulphur-containing compounds of the nervous 
system, cartilage, etc., in which sulphur is present in radicals other 
than cystine. Among the constituents of the neutral sulphur fraction 
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may be eiiuinemttKl Solphoeyanides, whk*h ans fouiwl in traces in tl>e 
urine and also in the Saliva, Chondroitin^iilphiirie Add, ami a mimlM'r 
of poorly-ilcfincd nitrogenons ackis which have l)ccn <lcsi|cnat(Hl tlie 
Ozyproteic Adds. 

In rare inshinces Cystine is found to oc<nr in the urine in not»il»le 
quantities, as much as O..*) to 1.5 ffin. IxnnK excretiMl in one day. This 
condition, known as Cystinnria, is a mucii more serious ahuoriuality 
than alcaptonuria, which it rt'sembles in l>eing due to a <lcf«*t t>f 
metabolism, because the large? excretion of this sparingly sohihlo 
amino-acid often leads to the fonnation <>f <lepo.sits or (talculi in the 
bladder. According to (xarro<l, cystinuria is a rarer disease than 
alcaptonuria, but it reiuhes the physician more freciuently because 
of the serious natim? of the symptoms which arise. The failure to 
oxidize cystine, which is characteristic of the <*y.stiiiuric patient, fre- 
quently extends to other amino-at'ids, and amines, such as Gadaverine 
and Putresdne, derived from the <lccarhoxylation of Lysine ami Orni- 
fhine, may also appear in the iirine, and twcasionally, l(‘u<‘iiu‘ and 
tyrosine. In siich cases cystinuria is evklently an exprc'ssion of a 
general defect of the deaminizing-incchanism. 

An experimental cystinuria may he imlucc'd in animals by the 
administration of halogen-benzenes, such as monochlorlx^nzi'uc or 
monobrombenzcnc. The halogen-benzene is pain'll with lystuu' ami 
excreted in this fonn as Mercapturic Acid in combination with glu- 
curonic acid. The excretion of cystine in these cases is accompanii'd 
by a diminution of the output of inorganic suli>hut(‘s. 

The presence of cystine in the urine may be susiiectisl if la'xagonal 
crystals are deposited which arc .soluble in ammonia and insoluble in 
acetic acid. If a few crystals are ilrieil, ])lace<l on a slide ami <‘ov<*r<sl 
with a cover-glass, underneath which is introdiiciHl a ilrop <)f strong 
hydrochloric acid, us each crystal is touclusl by the acid a cluster of 
fine prisms is seen to siiring from it, consisting of I’ystim' hyilrochloridc 
(Wollaston’s Test). 

In pas.sing it may be statisl that the Phosphorus of tlu' <li<*t is wliolly 
or almost wholly excreted in the form of iihosphutcs in tin* urine ami 
tlie feces. 

UBINART PIGMENTS. 

A variety of urinary pigments have Ixhju described by dillVrent 
investigators, but only three pigments have been definitely chara<-t<'r- 
iz^. These are Urochiome, a pigment to which the yellow color of 
urine is mainly due, Urobilin, which is voided in the form of a colorless 
ebromogen. Urobilinogen, which is converted into urobilin by exposure 
to air under the influence of light, and Uroerythrin, which is frwiuently 
but not invariably present. 

On saturating urine with ammonium sulphate, urochromc remains 
in solution w^e urobilm is precipitated 'V^en a solution of urobilin 
is dissolved in ammonia and a Uttle zinc cUoride solution is added 
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the mixture turns red with a green fluorescence; urockrome, on the 
contrary, does not yield fluorescent solutions. 

Both of these pigments are closely related to the bile-pigments and, 
therefore, to hemoglobin. They yidd the pyrrole reactions and 
strongly resemble substances which are obtainable from Bilinibiii by 
reduction. Urobilin, or its parent-substance urobilinogen, is a con- 
stant constituent of the feces, but before the identity of the two pig- 
ments was realized the urobilin in the feces received a separate name, 
StercobiUn. The quantity of urobilin in the urine is distinctly increased 
in all fevers, also in hemorrhage and in conditions involving the destruc- 
tion of red blood corpuscles and in diseases of the liver. On the other 
hand, the output of XTrodirome, as Roaf has shown, is proportional to 
the intake of CMorophyll in the diet and disappears from the urine when 
the diet is free from chlorophyll or substances closely related to chloro- 
phyll. This implies, however, that the chlorophyll which gives rise 
to urochrome has undergone bacterial decomposition in the lower 
intestine, for chlorophyll is not attacked by any of the digestive 
enzymes and we have no evidence that it can be absorbed unaltered. 

Uroerythrin is the pigment which frequently gives a red color to 
urinary sediments, particularly to sediments of uric acid, which, owing 
to its ])rescnce, may appear like grains of cayenne pepper. It does not 
yield fluorescent solutions and is rapidly decolorized by light. The 
normal color of solutions is pink, but strong sulphuric acid changes 
this to carmine and alkalies to green. Uroerythrin is believed not to 
be related to bilirubin but to be derived from Skatole The quantity is 
increased by muscular activity, profuse perspiration, alcohol, immoil- 
erate eating, fevers and diseases of the liver. 

The presence of urobilinogen in the feces and the probable ileriva- 
tion of uroerythrin from skatole render an alimentary origin of these 
jiiginents very jirobable It is likely that urobilin arises by bacterial 
deeonqiosition of the bile-pigments in the lower intestine In con- 
firmation of this view it is found that strong Intestinal Putrefaction 
leads to an increase of the urobilin output, while exclusion of bile from 
the intestine reduces the output to zero. If the exclusion of bile from 
the intestine be due to mecliaiiical occlusion of the bilc-<lucts, then 
bile-pigments, but not urobilin, appear in the circulation an<l in the 
urine. 

THE PROPEETIES AND COMPOSITION OF UBINE. 

The volume of the urine which is voided daily necessarily varies 
very greatly with the quantity of water which is drunk, the quantity 
of water contained in the food, the amount of fluid lost from the body 
by perspiration and a variety of other factors, such as the presence or 
absence of Diuretics, as Cafieme or Theobromme in the diet, or hyper- 
activity of the posterior lobe of the pituitary body which may lead to 
a chronic hypersecretion of a dilute urine containing no sugar, a con- 
dition known as Diabetes Xushpidas. 
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The Specific Gravity of the urine ne<‘e»s«irily viiries with its volume, 
usually lluetuntiiiff between l.(K)8 him! !.():«). 'I'he reaction is usually 
aci(l, but immwliately after a meal an alkaline reac-tion, the “alkulhie 
tide,” may fn^iuently be observed, and on a purely veKetnble <liet 
tlic urine is not infre<iuently alkaline. 'I'he sulphur and phosphorus 
in the pnrteins of a meat-diet are oxulized wholly <»r in pairt to the 
highly dissiK'iatwl sulphurie and phosphoric acals, which <lc<Tease the 
alkali-reserve of the blood and tissties un«l are exiTcttsl as acid sjilts in 
the urine, while the alkaline salts in vegetables are oxidizttl to carbon- 
ates or bicarbonate's and excrt'ted as such. 

According to Vitx an<l Van Slyke the titratable ae'idity of tin* urine 
(employing phcnolidithalein as an indicator) runs rt'inurkably parallel, 
in conditions of Acidosis, with the deH'rease of the alkali-rese'rve*. In 
order to observe this parallelism, howevt'r, we nnist a<id to tin* titrat- 
able acidity the amount of Ammonia in the urine which has been 
furnished by the tissues as a means of neutrali'/.ing a portion of tin* 
excess of acid. This <'an be estiinatt'el by the nn'thod of Sr)n>ns<>n, tin* 
Formol Titaration, which depends upon the fact that forinald<'hyd<‘ in 
faintly alkaline solutions unites with auunonia to form ln‘\anicthylcn<‘- 
tetrainine, which has a neutral reaction: 

4NIl4(’l + OIK’IIO f mnOII - N«(CUj). I nHM» | INiS'l 

'I’he urine is first reialercd very faintly alkaline to plu'nolpliOialcin, 
tlien neutral formaldehy<le is ad<l<‘d aiul the (plant ity of alkali winch 
must be added to reiuler the urine alkaline again is (h'tcriniiicd by 
titration. This is wpiivalent to theannnonia which has been coin crt('d 
into hcxamethylene-tctrannm*.* 

The relationship observed by Kitx and Van Slyk<* is cxpn'ssisl b.\ 
them in the following formula, which is an adaptation of the foinnila 
of Ainbard for the excretion of urea and chlorides' 


DiciiiboiuiluH in tho pUiHiiiu 


SO 



where J) is the titratable acidity plus the ammonia output, W tin* 
weight of the individual and (’ the coiici'iitration of acids m the uriiu', 

or y, where V is tlie volume of urine. The figure* SO r<*i>r('s<*nts tin* 

inaxinium yield of carbon dioxide in volumes p(*r cent which may la* 
obtained by treating bkaxl-serum with sulphuric acid. H(*ducti<>n of 
the alkali-reserve below this point re.sults in the urinary excrt'tion of 
an excess of acid radicals which is expressed by the factor: 



V C3 


^ Ihe — ipxiups of lunino-acidii will react with fomtalcloliydo iii tho Muno wivy 
as amxnoma. The concentration of amino-acids in the urine is so smidl» however, that 
as a rule it may be nesleoted. 
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ITiis relationship is purely empirical and the agreement between the 
calculated and observed values of the alkali-reserve cannot be relied 
upon to within 10 per cent. It nevertheless is of value as serving to 
show that titrable acidity of the urine, if added to the ammonia, or 
'protective basic output, is a real indication of the presence or absence 
of acidosis. 

We have seen that the diurnal output of most of the nitrogenous 
excreta is profoundly influenced by the diet. No normal composition 
of the urine can therefore be formulated which is not subject to wide 
fluctuations which are nevertheless within the limits of diversity which 
may be exhibited by a single normal individual under varying dietary 
conditions. The following may, however, serve to illustrate the com- 
position to which the urine of a normal individual subsisting upon a 
moderate and mixed diet wotdd more or less closely approximate: 

NORMAL COMPOSITION OF URINE. 

(Illustrative Analysis.) 

The following re])resents a normal twenty-four-hour sample of 
urine of volume of 1500 cc and specific gravity 1.010-1.015: 


Const It ii(‘nt 

Weight in 

Approximate 

grains 

percent age 

Walei 

1440 0 

96 0 

SoIkIs 

60 0 

4 0 

UlCM 

36 0 

2 33 

Uiic Hcid 

0 76 

0 06 

llippuiK* acid 

0 7 

0 05 

Oxalic acid 

0 015 

0 001 

AiotnalK* oxy-acidb 

0 00 

0 004 

C’len'lininc 

1 0 

0 07 

Thiocvniuc a<*i<l (as IvSC'N) 

0 15 

0 01 

liidicaii 

0 01 

0 001 

Aininonia 

0 05 

0 04 

Sodium (liloiido 

10 5 

1 10 

Phosplioi K* n<*id (PjOft) 

2 5 

0 15 

Tolal Milphiiiif acul 

2 5 

0 15 

SilicK* acul 

0 45 

0 03 

PotaHHiiiin (KaO) 

2 5 

0 15 

Sodium (NaaO) 

5 0 

0 30 

< \il< luni (( ’a( )) 

0 25 

0 015 

Magnesium (MgO) 

0 30 

0 02 

lion 

0 005 

0 0004 
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THE ENERGY-BALANCE OF THE ORGANISM. 


CHAPTER XXIV. 

THE ANIMAL BODY AS A MACHINE. 

THE APPLICABILITY OF THE LAW OF THE CONSERVATION OF 
ENERGY TO LIVING ORGANISMS. 

To all of our not very remote forebears and to the majority of those 
of our contemporaries who vote, legislate and govern in this our present 
day, liife was, or is, a thing apart from the Universe, independent of 
cosmic* laws, controlling rather than expressing the forces of Nature. 
The inversion of this ]>rimitive idea which was ultimately to result in 
the attainment of our present conception of life, as the outcome of 
forces whic*h it does not of itself create, originated in the investigations 
of that greatest of French chemists, Lavoisier. 

''rhe c*liie to the true nature of the processes of covthnstion had 
jirc'viously been provided by the discovery by Priestley that air con- 
tains a substance which is essential to combustion and is consumed 
thereby It was I^avoisier, however, who showed that this gas is 
absorbed by and becomes combined with the burning substance, an<l 
the* ain]>lification of this discovery led to the enunciation of the law 
of the Conservation of Matter. The corresponding law in the domain 
of c*n<*rgy-transformation was not formulated until 1845, over fifty 
years later. Nevertheless it is to Lavoisier also that we must accrc*dit 
the investigations which first established the applicability of the law 
of the Conservation of Energy to animals. It has frequently hai>i3ene<l 
in the history of scientific investigation that a truth which was not 
generally apprehended or clearly enunciated at the time has never- 
theless been tacitly assumed in advance of their period by investi- 
gators possessing exceptional powers of insight and discovery It is a 
mistake to suppose that successful scientific discovery is the outcome 
of purely logical processes of thought in the mind of the investigator. 
The great discoverer appears to be distinguished from equally diligent 
but less successful investigators quite as much in his possession of a 
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sixjcies of inttiitive s.yini>athy witli flu* or<l<T of natu«*, an In Iuh purely 
intellectual eiulowincnts hh thm* arc owlinarily un(h‘rHtoo(i. There 
can 1)0 no (luostion at all that hotli I/iivoisier aiul Kanulay, without 
ever havinjr forniulatK^l it in so many wonis, an<l <*<‘rtainiy witlmut 
adwiuatc proof of its validity, ucycrthclcss assutuwl the truth of the 
law of the conservation of energy ami wort* {tuidiHl in thoir invt‘stiga- 
tions by tliis assumption. 

Lavoisier had shown in 174)0 that the oxygen abstorbwl ami trans- 
fonnwl into other substances by a n»an or animal is incroast*d by tlic 
porformanoo of Muscular Work and by exposure to a low temperature. 
Work ami the production of Bodily Heat wort* thus correlatwl with the 
occurrence of chemical retwtions which were known to lih<*ratc energy, 
i. e., combustions. The next step was to institute a tlirt'ct comparison 
between the heat of combustion of a carbonac<*ous material ami tlie 
heat-evolution of an animal, a comparison whicl) has since tlu*n bt‘en 
repeatwl many times, and with ever-incretising <*xactilude. 'I'lie 
material chosen by Lavoisier as a standard for (‘ompurison was i)ure 
carbon. lie mcasurwl the amount of heat evolveil in the conversion 
of the carbon into carbon dioxnle, am) be then measured th(‘ amount 
of heat and carbon dioxide given off hy a guin(‘H-pig in a p(‘riod of 
ten hours. The heat-t>vohition was estimated from tin* latent ln>a1 of 
ice which was meltt*d by the heat of the burning carbon in tin* one 
experiment and by the heat of the animal’s body in tin* ot her. 1 1 was 
found that the guinea-pig cominimicat(*d Jll.S calorics to the ice, while 
25.4 calories were yielded by burning enough <*arbon to furnish th<* 
amount of carbon dioxwle exhaled by the animal in tin* .same p(*riod. 
The figures are not etpial ami we now know why. Apart from <‘\pcri- 
mental errors arising fnim the unavoidably impcrf<*ct t<*chnic of 
the estimation, the animal burnt not only carbon iluring the p<*riod 
of its incarceration in the i<‘(*-<*huniber, but also hydrog(*n. W(*r(* 
Carbohydrates, in winch the hydrogen is fully neutralised bv oxvg(*n 
alreiwly present in the molccide, the sole sour<*e of encrgy,‘tbcil tb<* 
comparison institutwl by Lavoisier woidd have bt*(*n ad(*<]uat(*, but the 
Fats and Proteins contain an excess of hydrogen, of wbi<*h the heat of 
combustion must bo added to that of the carbon in ord<*r to (*stublisli 
the chemical origin of animal heat and work. Nevertbeh*ss tin* figures 
obtained by I.avoisier were* sufficiently c>om])arablc to affonl kIccuIwI 
encouragement to the view which he himself expressed, “ La vi<* cst 
une fonc*tion chimique.” 

In 179.1, Lavoisier was condemned to death and execut(*d by the 
apostles ot Liberty, Equality and Fraternity. Ilis <*rime appears to 
h^e consisted in his being a man of superior intellwt and (*<lu<*ation 
who had dared to express his opinion that the Frtmch A<‘ademy of 
bciences should be pre^ved and not suppressed, as the National 
1. onvenrion desmed. His appeal for liberty to live and serve was thus 
answered by the president of the tribunal which condemned him, 
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“La llSpiiblique n’a pas besoin <Ie savants” — which was true, until 
1870, let us say, or 1914. It is to a Homan politician that we owe the 
very popular and oft-quoted doctrine that “The Voice of the People 
is the Voice of God.” On this occasion the spokesman of the people 
assured one of the greatest discovers that humanity has produced, 
that a republic had no need of him or of his kind. To a Danish 
physicist. Oersted, we owe a different doctrine, which he expressed in 
these words, “The Laws of Nature are the Thoughts of God.” If 
we should estimate the value of these two doctrines by their fruits, 
then doubtless we would prefer the doctrine of the physicist who 
produced telegraphy to that of the demagogue who planned a brutal 
and senseless murder. Contemporary events will doubtless, in time 
to come, furnish us with an abundance of additional means of estimat- 
ing the relative value of these theories. 

The work which had been thus initiated by Lavoisier was carried 
on by his pupil Liebig, who, however, mainly devoted his attention and 
his life’s work to the firm establishment of the Law of the Conser- 
vation of Matter in its application to living organisms. The methods 
of organic analysis which he devised and the investigations which he 
undertook laid the foundations of analytical biochemistry as we know 
it today. The energy-transformations of life were destinetl to become 
the ])reoccui)ation of Liebig’s pupil, Voit, and of a series of investi- 
gators who owed to Voit their in.spiration. Thus, to the secoiwl and 
third generations of investigators succeeding Lavoisier fell the task 
of achieving the fruition of his labors. 

In onler to render ])ossible an accurate comparison of the kind which 
was atteinptcHl by Lavoisier, it was first of all nece.s.sary to ascertain the 
Heats of Combustion of the \'arious foodstuffs. The actual fuels burnt 
by the anitnal machine are carlxihydrates, fats and proteins, and it 
is evidently with the heat of combustion of these .sub.staiices, and not 
merely that of carbon, that we .shoiihi compare the lieat-evolutioii of 
an animal. 

The Calorific Values in heat-units ])er gram for the ditferent repre- 
sentatives of the three main classes of foodstuffs do not vary greatly 
among them.selves. The molecules of the Fats and Proteins are so 
large that the differences of composition or structure which they 
ilisplay affect the total heat of c*ombustion but slightly, while the 
Carbohydrates uniformly contain the proportion of oxygen which is 
requisite to burn their hydrogen and hence the combustion-value for 
each carbohydrate is very nearly proportional to the carbon which it 
contains and this in turn is proportional to the weight of the molecule. 
The following are the calorific values of various foodstuffs as esti- 
mated by complete combustion in a calorimeter, the heat-output 
being expressed in terms of the large calorie, or quantity of heat 
required to raise the temperature of one kilogram of water from 0® C. 
to 1® C. 
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Cats. 

Prot/oiim: 

(/{isoiii . ... . , . r».Ktj 

Iminin ... 5,74 

Soniiu-albniuin 5.02 

Avorafro 5 54 

Fats: 

'i'isHiio-fat ..... . 0 . 4H 

Mattor-fnt . • .... 0.22 

Olivo oil . ... ... .... 0.22 


Avorago . ... 0 25 

C^arboliydratoH: 

Oluooso 2 74 

OaixoHBUgar . . 2 00 

Milk-sugar . ..... . . 2 05 

Maltose 2,05 

Starch 4.1K 

Avorago . ... ... . ... 2 00 


The figures usually employed for the fats and carlM»hydriit<‘.s as 
they actually occur in a mixed <liet are those which were* originally 
estimated by Rubner, namely: 

Ouo gram of fat « 0 2 cuIorioH 

One grain of carlMihyclratc ••4.1 <'alorioH 


the high value for carbohydrates being cmployetl on accoimt of the 
predominance of starch among the cjirbohydnihw of an ordinary 
mixed diet. 

The heat-value of carbohydrates and fats for the Ixxiy must lx- the 
same as that indicated by the combustion-<‘alorim<‘t(‘r, siin-c tiu' 
pro<lucta of combustion are in both cases identical, nain<‘Iy, <‘arhon 
dioxhlc and water. The case is far tlilTenMit for the ^oteins, how <*v«‘r, 
because tlicsc are not completely burnt, the nitrogen htdiig <‘N<T(>tc<l 
in the form of urea, creatinine and so forth, which arc substance's still 
capable of yielding heat when they arc completely oxidizcxl. KurthcT- 
more, the proteins as they actually occur in the di(‘t an* not com- 
pletely digested and assimilated, a proportion of indig(\stibl<' or didi- 
cultly assimilable material being evacuated in the feces. 'I’lic true 
heat-value of protein to the animal Ixxly is therefore not indicattxl by 
the combustion-calorimeter. 

The determination of the actual calorific value of prof<>in in the 
animal body was first carried out by Rubner. Ills pr<K-edurc was as 
follows: The calorific value of dried muscle-tissue was <leterniiucd 
in the combustion-calorimeter, and the heat-values of the urine and 
feces upon an exclusive meat-diet were also determined. Subtract- 
ing the heat-value of the excreta from that of the food, and also a 
sinall correction representing the heat of solution of the urea in the 
urine, it was foimd that- an average of about 4.1 calories per gram 
was actually available to the animal from the protein in its diet. The 
actual calorific value of a protein to an animal is tlrereforc the same as 
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that of a carbohydrate, both being far inferior in heat-value to the 
fats. 

The necessary data for the accurate evaluation of the comparison 
which Lavoisier attempted were by now assembled and the com- 
parison, when actually carried out by Hubner in 1894, established 
beyond any doubt the validity of the principle of the Conservation of 
Energy in the phenomena of Ufe. The experiments were carried out 
upon a dog, because there existed at that time no calorimeter of 
sufficient size to contain a man, which would accurately measure the 
heat evolved during a period of twenty-four hours. The heat actually 
imparted by the dog to the calorimeter in twenty-four-hour periods 
was measured and this was compared with the heat-value of its food 
computed from the nitrogen in ^e urine (1 gm. Nitrogen = 6.25 gm. 
protein = 25.63 calories) and from the output of water and carbon 
dioxide. The following are the details of his comparisons, the “food” 
in starvation consisting, of coxuse, of the proteins and fats of the 
animal’s own tissues: 



Number of 

Heat calculated 

Heat directly 

Difference in 

Food 

days 

from metabolism 

determined 

percentage. 

Storvat.on{ 

5 

2 

1296 3 

1091 2 

1305 2 1 
1056 6J 


—1 42 

Fat 

5 

1510 1 

1498 3 


—0 97 

Moat and fat| 

8 

12 

2492 4 

8985 4 

2488 Ol 
8958 4 J 


—0 42 

Moat^ 

6 

7 

2249 8 

4780 8 

2276 9 1 
4769 3 J 


-1-0 43 


W^jien one considers the complexity of these estimations, the multi- 
tude of factors which participate in determining their outcome, and 
the elaborate character of the apparatus employed, the coincidence 
of the calculated and actual output is so exact as to leave no room for 
doubt that the law of the conservation of energy applies no less to 
animals than to otlier machines. The energy which the animal dis- 
sipates is derive<l from the combustion of foodstuffs, just as the energy 
dissipated by a locomotive is derived from the oxidation of its fuel. 
In the living, as in the inanimate machine, the potential energy of the 
fuel is released by oxidation and reappears in the form of heat and 
work. 

An even more exact balance between income and outiiut was, how- 
ever, sought for and found by the American investigator, Atwater. 
The extraordinary degree of accuracy which was attained in his 
investigations was rendered possible by the invention of the Atwater- 
Bosa Caloiimelier, which was of sufficient capacity to hold a man and 
yet so technically perfect that when a measured amount of heat was 
generated within the calorimeter by an electric current, the quantity 
of heat liberated could be measured to within 0.01 per cent (Figs. 55 
and 56). The amount of protein burnt by the subject was estimated 
from the nitrogen in the urine and in the feces. The carbon which 
would be derived from this quantity of protein was deducted from the 
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total carbon ontpul ami the iliiVm'iMr ,vicl<l<Hl tiu* total iiou-protcin 
carbon, or carbon dcrivwl from carbohydratcw nn<l fat. Tin* <>arbo- 
hydratcs in the food w<*rc incaauriMl and the <*<»r«*Hpon<linj; ({uantity 
of carbon d<Hlii<-tcd from the total non-protein carlam. 'I'be <liHerence 
represt'iitecl carbon <leriv«l from fat. In this way the i|uantiticH 
of each of the thret* classes of food.stuffs ciHwumwl were estimat<‘<l aiul 
the energy which their wanbnstion <*ouId yi<*ld was (*ompiit(>d in the 
manner indicated above and compaml witli the a<’tual heat-<‘voluti<»n 



Vtu 65 — Kchoinatic din«xam of tho Alwati'i-HowirHoixMlict roHiiiiution 
Hit oxyfton iiaro<l\i(*o<l an coumunod l)y Mibjool, 3, llaHO, to catidi iixuhIuk' kivou ofl li\ 
Hoda^ljiiio, 2. Hodo^luiio to rotiiovo CU)s, 1, to iouiov<« oioiHtuii* <»!! liv huIij 4 m*( , 

/«,_ ljlow<'r to kwp mr in oiroubition, V, vocmmi jaokot, Innk for woiKhiiiK wnlci 
which hiui piutttod throuRli cidonmotor ouch hour; W, thonnoiiictcr for iii«<(i»uiiiik t«*ni 
]>oiiit.uro of wtdl, yli, thennometur for nicafluriiiR tciniM'intiiro t)f th<' nir, If, icclnl lh(*i- 
niomoU'r for nioaBuring tonuHiraturo of subjoct. (After I.UKk.) 

of the subject. The results of forty days’ experiinetitation with thrc<‘ 
different subjects yielded the following averag<‘s: 

C^ouUtod di^ output 2717 ciiloricH 

OiMorved daily output . . . 272!t “ 

Difference, 0.2 per coni. 

A further refinement of technic consisted in the simultaneous esti- 
mation of the carbon-dioxide output and the oxygen intake^ from 
which the Respiratory Quotient could be calculated. Deducting the 
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l)r<>ti*iu carbon from the total carbon output, and the oxygen required 
to oxidize the ])rotein from the total oxygen intake, the ratio of the 
non-i)rotein carbon dioxide to the residual oxygen intake, or the non- 
protein respiratory quotient, afforded a measure of the proportion of 
fat to carbohydrate actually consumed by the subject of the experi- 
ment. Thus a non-prot’ein respiratory quotient of 0.707 indicates the 
combustion of pure fat, a quotient of 1.00 indicates the combustion of 



Kki r>0 (JiMK'ifil vu*\v of Ulo ioh|)iiatiou-calc>iii!ioler l.iboiatoiv at Mi<idlott>wii 
Coiiiu*<*ti<*ut 'rh(‘ (‘aloiitiioU'i-chaiubei ih ^een, with window opi^n upon tho iiKht, 
Tho pi inciplo oi ith const 1 IK tioii is that <>f an oidinaiy’ lofiiKoratoi, ii.iinoly, .i cliainhoi 
siiiiouikUmI I)v .» st»rH*s ol <‘ontin('d air-apacos The innei eluiinIxM is ol <*oppei Tins is 
su( ( i*<sl(>d hv' a wall oi zinc* and two walls of woo<h eai h pan of walls heiiiK sep.irated by 
about tin (S' iindies of aii-Hp.ue (bun oi loss ol luMt Ihiou^h thc^ inel.illie walls oi 1h(^ 
(diainbei is pn»\ente<l bv keeping the zine wall at the same teinpeialuro as the coppei 
Any ditlei(»nee ol tenipm.ituie between these two walls is induateil by a theimocouple 
and a pjahMiionudei Heat is suppho<l to the air-spaeo suiioundmp; the zine wall by 
passing an ele<*t.i leal euiient thioii^h <*oila of lesistaneo-wire ("oohns is a<*<*oinphshe<l 
by euiients ol walei The heat Koneiated in the ehambei is removed paitly in the 
loini oi the latent heat r>f vapoiization of the water exhaled from the Iuiiks ami paitlv 
by means ol eold-watei alisozliexs The quantity of heat cyolved is (ximpiited from the 
amount of walei passiiiK thiouj^h the hout-absoilieis and its use in teiniieiatuie duriini 
its passaKe (Aftei Benedict luid Milner) 


inire carbohydrate (cf. C’hapter XXIIl) and intermediate values repre- 
sent the combustion of a mixture of these foodstuffs, the composition 
of which can be estimated by a simple calculation. 

It now remained, in order to complete the demonstration of the 
validity of the law of the conservation of energy in the animate world, 
to investigate the source of the energy which is expended by an animal 
in the performance of external work. In the experiments hitherto 
enumerated the subjects were at rest, and although their re.spiratory 
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and cardiac uiuhcIch were <'ont nietiuK and the akeh'tal ituiH<‘k‘s muin- 
taiined iii t<»iw or evi'u ctmtnwtiujt, yet the wiw)le of tiu- orfpi.iu.sni heiiif? 
cucIohihI within a heat-iusulate<l aystein, the efftyt of all thoHc move- 
ments ultimately appeared and was oatinmtwl in the form of heat. 
The ease is iliffercut when, us in many of Atwater’s <‘xi)erimeuts, the 
subject was iniulc to perform external work, by opera! iuf; a stationary 
bicycle which was so arranged that the rotation of the whwls raistnl 
a weight. The eiiergy output was not in this ease expresstsl eutindy 
in the form of heat, but in part in the form of MecbaMcal Work. We 
can cxi>rcsH this work in terms of licat-units, however, just as we wn 
express heat in tonns of eU'ctrieal units or elwjtrieal jinits in terms of 
mechanical work again. Since no energy is ever lost atul all forms of 
energy are equivaJeut to one another, the hwit-value I'onsunied in 
performing mechanical work can l)e dirtxitly caltmlatetl from the known 
mechanical etiuivalcut of heat. The following art* the results whicli 
Atwater obtained in the investigation of this problem: 



l)ay« 

twm tv-four 
hourH. 

( >utt>ut iM»r 
twofitv fiiur 
houri* 

I urTfri'iHMb 

Il««l tM'llt 

Rosfc oxporimouts: 

7 oxperimont^s vith K.O 

25 

220U 

2251) 

0 1 

1 exporiinont with A.W H, 

3 

2304 

2271) 

-1 1 

3 oxporiiuontB with J.F.H. 

i) 

2il8 

2130 

[ 0 8 

1 oxporimont with J.CJ.W. 

4 

2357 

231)7 

\ 1 7 

AvernKo . 

41 

2240 

2240 

* 0 0 

Work exporimonts 

2 oxporimoiitH with F () 

H 

3K05 

3S21) 

0 0 

4 oxponinoxitB with J K S 

12 

3530 

3510 

O () 

14 oxpcninciitH with J (' W 

40 

5120 

5120 

* 0 o 

AvcriipK' , 

. m 

4082 

4070 

0 1 


To within one part in a thousand the output of h(*at plus work was 
equal to the calorific value of the foodstuffs eousuined. W<‘ euii hardly 
doubt that this minute disereiianey was of juirely teelmieal origin and 
that these experiments rcfiresent the euhnination of the* proof whii-h 
Lavoisier had sought a hundix'd years previously, that the <‘n<'rgi(‘s of 
life are derived simply an<l solely from the chemieal (‘nerg.v of tins 
foodstuffs. 

The fundamental imiiortanee of tlu*sc investigations <*nnn<>t be over- 
rateil, for they reveal to us in the dearest possible manner the fac-t tliat 
life is the outcome of a complex of forces which it does not <Tt>uU*. We 
are enabled by them to confidently state that if there is 8U<*h an entit,y 
as “Vital Force’’ created and generated out of nothing by living organ- 
isms, then the inconspicuousness of its effects is commensurate with the 
inconspicuousness of its origin. They must be confined to somewhat 
less than a one-thousandth part of the total activity of the organism. 
We must be careful, however, in formulating any such fundamental 
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conclusion not to go too far. We must beware of overstepping to the 
slightest extent the sure ground of fact which our evidence affords, and 
we must therefore candidly aidmit that while the evidence accumulated 
by the remarkable series of investigations which we have briefly and 
inadequately outlined, clearly justifies the conclusion that no source of 
energy is contributed to or resides in the organism that is not com- 
prised in the chemical energy of its foodstuffs, and the heat of its 
environment, yet we cannot definitely reject the possibility that forces 
of evanescent magnitude which are not comprised in either of the 
above categories may influence, in the manner of a catalyzer, the rate of 
dbcharge of energy from the organism. We cannot disprove this, but 
then, on the other hand, if one should choose to assume the existence 
of such forces the burden of proof dearly rests upon the originator of 
the hypothesis. In the interpretation of life-phenomexia, so far as •we 
have as yet been enabled to subject them to measurement, such an 
assumption has proved to be altogether unnecessary, and hence our 
present state of knowledge affords for it no foundation whatever.' 
No sure ground is possible in scientifle discovery unless we proceed from 
the known to the unknown. The assumption that hitherto unknown 
forces are involved in life cannot assist but only retard its interpreta- 
tion until and unless every pre'viously known possibility has been 
exhausted in a vain endeavor to reconcile the facts. But the existence 
of unknown possibilities manifestly cannot be contradicted upon o 
priori grounds, and a dogmatic insistence upon the sufficiency of the 
known has only too frequently, in the history of science, served but to 
pave the way for a subsequent recantation. 

THE ISODYNAMIC VALTTES OF THE FOODSTUFFS. 

Since the products of the combustion of the Fats and Carbohydrates 
in the diet arc tlie same, namely, carbon dioxide and water, it was sug- 
gested at an early ])eriod in the investigation of metabolism that these 
eomiionents of the dietary might be mutually interchangeable in 
equiealonfic quantities. '^Hiis possibility was exiierimentally realized 
by UiibiKT, who found that 100 gm. of fat in the diet could be replaced 
by 232 gm. of starch or 234 gm. of cane-sugar, the cquicalorific values 
estimated from tlie heat of combustion being 229 gm. of starch and 
235 gm. of cane-sugar. The same conclusion was ultimately reacheil 
by Atwater in a series of experiments in which the subjects were made 
to perform external work, so that part of the energy of the foodstuffs 
had to be expended for this purpose. The procedure of the experiments 
was designed to test the eflBcacy of the fats as substitutes for carbo- 
hydrates in a variety of ways. Thus the diet was insufficient to 

^ Tho phenomena of consciousness do not fall withm the scope of these remarks, since 
they are, by their nature, incommensurable with material events. The content of con- 
sciousness IS accessible to measurement, but not the awareness of that content which is 
consciousness itself. 
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maintain laMlily wjuilibrium, so tliat tliorc was a loss of woifjht tlirongh- 
out the (himtion of the eviMTinients <lue to <he eonsnniption of 1li<‘ 
suhjwt’s tissues. 'I'he loss of ho<ly-sul»staiu'e <m tin* <net ('ontainitiK 
ear!)ohy<lrales could tlms Ik* compared with that experienced on the 
diet conttiining fats, and the relative value of these constitiients of tlu* 
dietary as tissu(*-spar(.‘rs could thus Ik* estiinatwl. 'I’ln* external 
Mechanical Work performed in lartb .sets of experiments was as n<*arly 
as possible the same, and e<juivaleuee of total energy-<*onsuiuption on 
the two diets would tljert'forc* indicate (Hpial availability of fats and of 
carbohydrot(is for the iwrformanee of nu*<*hani<*al work. 'I'ln* following 
table summarizes the results of these experiments: 


ItJxporimctii luunlior 


40 JX' W. carlK>hyclrato-(lioi 

41 J.CXW. fat-diot 
44 J.C W oiirl)ohytlru1.o-di«t . 

43 J.C.W. fat-fliot 
47 J C3 W, oiirlxihydraio-dicL 
46 J.C3.W. fat-diot . . 

53 J.C3 W. oivrlx)Uy(lrato-diot 
62 J.C.W. fat-diot .... 

Avora^o of four oxponnioiits witli 
oarbohydrate-diot 
Averaso of four exporLiuotitn with 
fat-diet ... 

The substantial ecj[uivalen<*c of the fats an<l oarholiydrati^s as souroos 
of heat and work and sparers of tissue in these* expeTinu^nt.s is <‘vid(‘nf . 
There is some indication that the loss of tissue on the fat-dii't is ^rt‘at(‘r 
than it is on a carbohydrate-diet, and this is (‘specially evi(l(‘nt ni tlu* 
exjieriment in which the total calorific* value of the died was r<*lati\<*ly 
high. The reason for this ])robal)Iy li(*s in the fact that, as Z(*IU*r has 
shown, if the ])reponderanee of fat over earhohydrat(\s in tlu* <li<*f h<* 
too great, even when the total ealorifie value of the dic*t is kc»j)t (*(>n- 
stant, acetone bodies appear in the urine and an Acidosis aris<*s n(*e<\s- 
sitating the production of Ammonia by the tissu(*s to neutralize tlu* 
excess of acid radicals in the blood. The output of nitrog<*n is (*oiis(*- 
quently increased and loss of body-substan<*e aeeeleratc*<l. 'I’liis <*llVet 
only appears in normal individuals, however, when less than 10 per 
cent of the total calories are given in the form of carbohydrate*. Up 
to this limit, therefore, the carbohydrates in the dic*t may be n'plaei'd 
by fat without influencing very appreciably the total heat-output or 
wastage of tissue-materials. In Diabetes the proportion of fat to car- 
bohydrate consumption which is requisite for the avoidance of keto- 
nuria is the same as for normals, but the actual utilization of carbo- 
hydrates being below normal, the tolerance for fats is proportionately 
reduced. 
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III the replacement of fats by carbohydrates we are limited in 
another direction. So far as the mere question of heat-equivalence 
is concerned, the complete replacement of the fats in the dietary by 
carbohydrates is doubtless entirely feasible, more especially since the 
conversion of carbohydrates into body-fat is a regular concomitant of 
insufficient utilization of the carbohydrates of the diet for the produc- 
tion of heat and work. We have seen (Chapter XXI), however, that 
certain essential Substrates of Growth, or raw materials for the synthesis 
of protoplasm, are contained in the animal fats and, so far as we are 
yet aware, in no other abundant constituents of the diet. The total 
replacement of fats by carbohydrates, therefore, is likely to result in 
unbalanced tissue-waste through the lack of non-synthesizable atom- 
complexes which do not necessarily contribute any appreciable share to 
the energy-output. The total replacement of animal fats by Vegetable 
Oils is for a like reason impracticable. The proportion of animal fat 
which is requisite for maintenance is, however, very small, and pro- 
vided this small residuum is retained, the fats of the dietary may be 
replaced by carbohydrates in equicalorific proportions without affect- 
ing the balance of energ^'-input and -output. 

In the <*ase of the Proteins a number of complications arise which 
limit in a variety of directions the application of the principle of 
isodynainic values. In the first place the proteins are the medium 
through whi(‘h the body acquires its nitrogen Their complete replace- 
ment by fats or carbohydrates is therefore obviously impossible. Then, 
again, different types of protein are not even isodynainic with each 
other, for those vhich lack or are deficient in certain amino-acids, such 
as Gelatm, Zein or Gliadin, will not replace the j^rotein in a normal 
mixed diet however great an excess of the incomplete jirotein may 
be em]>loyed (Chapter XXI). No nitrogen balance is possible unless 
the missing ainino-acids are siqiplied, and upon a diet containing an 
abun<hLiic<‘ of nitrogen the output will continuously exceed the intake. 
If, however, the missing amino-acids are added to these proteins, as 
for exain])le, tyrosine, cystine and tryptophane to gelatm, then the 
attainment of nitrogenous equilibrium becomes possible because all of 
tht‘ constituent j)arts of tissue-])rotcin are then ]>resent in the diet. 

Although gelatin cannot rei>lace other proteins in the <liet, yet it is 
possible to attain nitrogenous equilibrium on a smaller amount of 
normal dietary ])rotein if gelatin be also present If the total heat- 
requirement of the normally fed animal be supplied solely in the form 
of carbohydrates and fats a certain daily loss of nitrogen will occur 
which is due to the consumption of tissue-proteins. If 7 6 per cent of 
the heat-value be now supplied in the form of gelatin the excess of loss 
over intake is <liminishcd by 23 per cent. If, however, 00 per cent of 
the heat-value of the food is supplied by gelatin the saving of tissue- 
protein IS only 35 per cent, and if the whole of the heat-value be supplied 
in gelatin, only 37.5 per cent of the tissue-wastage is spared. The 
principle of isodynamic values is therefore manifestly inapplicable to 
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the quantitative relationship iMJtwwsn gelatin aiul the tither <li(‘tary 
constituents unless a suffieiency of other protein be at the sitme time 
supplied to furnish the full requirement of tyrosine, eystine, and 
tryptophane. 

A further limitation upon the application of the priiwiple of iscxly- 
namic values to the protein constituents of the dietary arises fwun the 
fact that an increase of protein in diet actually stimidates the total 
metabolism, so that more food is burnt and mon? heat evolv^l on a di(‘t 
high in protein than u])ou a <liet which contains leas prt>tein. 'This 
phenomenon, which liuhner terms the Specific Dynamic Action of i)ro- 
teins, is very well displayed by the effect of administering i)rotein to a 
starving animal. One might suppose that if a starving animal is losing 
a certain amount of tissue-protein daily, the administration t>f this 
amount of protein <laily would suffice to balanw the nitrogiuious input 
and output. This is not the casts however, for on increasing the 
nitrogenous input an increase of nitrog(‘nous output also occurs and 
the balance remains negative. A further iiuTcaseof nitrogtmous iiqnit- 
calls forth a still greater metabolism of protein until, on an t'xchisivtdy 
protein diet, a balanet* between intake and output is attained witli an 
output of nitrogen no less than three and omt-half tiiiu's that whi<*h is 
observed in the starving animal. In man the ipiantity of protein 
thus required to obtain nitrogenous (xiuilibrium is gn^ate^r than lie <>an 
conveniently consume, and even when nitrogenous (‘(piilibnmn lias 
been attaintxl the carbon balance rt*mains negative*, sinei* not only tin* 
nitrogenous metabolism, but the metabolism of fats and <-arbohydrutes 
is stimulated by protein. The effect of jirotein is th(*rt*for<‘ to greatly 
increase the heat evolution of the. btxly, ami the rei)la<*(‘nu*nt of fat or 
carbohydrate by protein in a diet whk’h is just sufficient to maintain 
equilibrium results in rendering the diet imuhspiatc* to n‘pl(‘nish the 
tissue-loss. The proteins cannot, therefore, reidaee fats or <*arl)o- 
bydrates in isodynamie proportions. 

The origin of the specific dynamic uetioii of the jirott'ins has bei'n 
sought by Lusk, who investigated the effects of individual Amino- 
acids upon tlic heat-output in starving dogs. lie found that \vhil<* 
glycocoll and alanine greatly increase the produ<*tion of lu'at, aiul 
leucine and tyrosine slightly, glutamu* acid is tlevoid of action. A 
mixture of 6.5 gm. each of glycocoll, alanine, glutamic a<-id an<l tyro.sine 
produced as much increase of heat-output as 100 gin. of meat. 

THE PROTEm REQUIREMENT IN THE DIETARY. 

From the preceding considerations it must be evidimt that the 
proteins are tlie most wasteful constituents of the dietary, since they 
incre^e the consumption of other constituents as well as that of pro- 
tein itsdlf. ^ The proteins are also the most expensive fouilstuffs from 
a coi^ercial point of view, and ^s is particularly true of the proteins 
of animal origin, for whUe there is little wastage of energy or materials 
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in •the growth of the vegetable constituents of the diet, a very large 
•wastage occurs in the synthesis of animal proteins for hiuuan consump- 
tion. An ox or sheep may, for our inunediate purpose, be regarded as 
an ambulatory factory of protein. In order to supply this factory with 
raw materials, vegetable proteins, carbohydrates and fats must first 
be grown at the expense of the constituents of the soil and the pre- 
occupation of space that might be otherwise utilized. Not only must 
an amount of vegetable food be pro^vided equivalent in heat-value to 
the animal foodstuffs which we desire to synthesize, but an enormous 
excess, to supply the radiation of heat and mechanical work performed 
by the animal -throughout -the period of its growth. The Animal 
Proteins therefore represent a consumption and expenditure of food- 
materials totally disproportionate to their calorific value. The vege- 
table proteins, on Ihe other hand, are also expensive, because tiie 
proportion of protein in -the majority of vegetable tissues, "with few 
exceptions, is extremely small. 

As a measure of national economy, therefore, if we view the matter 
solely from a financial standpoint, a restriction of the protein-con- 
sumption to the minimum consistent with health and efficiency would 
seem to be highly desirable. Now the consumption of protein food- 
stufl's, and particularly of animal proteins, varies very greatly among 
dilfcrent peoples. The following pre-war statistics are furnished by 
Ostertag: 


Austialui .... 

Meat consumod 
per day per 
capita, in 
grams 

306 

ITnitod Stales of America 

149 

Groat Britain 

130 

FlUllCO 

92 

HdKitim and llollcind 

m 

Austx la-l [unwary 

79 

HiisHia 

59 

Spsnn 

01 

Italy . . 

29 

«)apan 

25 


It will be observed that the consumption of meat in the English- 
speaking countries far exceeds that which prevails elsewhere. Either 
the English-speaking countries, and particularly Australia, are waste- 
fully dissipating their food-values, or else a large proportion of the 
population of Europe is chronically suffering from suboptiinal con- 
sump-tion of protein. 

The s-tandard requirement of protein, partially derived from meat 
and in part from vegetables and cereals, was computed by Voit to 
be 118 gm. for the average man not engaged in heavy labor, and 
90 gm. for a woman. This estimate was based upon a statistical 
comparison of the actual oonsumption by presumably normal persons 
subsisting upon a mixed diet. The necessity for this in-take of protein 
has of recent years, however, been sharply challenged by Chittenden 
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arid others of the Aiucrk*an of i)hysi<>l<>j?istrt und hiolo^icMiI 

chemists. The statisti<*al metluxl of (‘stiniutinK protc^in-rtKiuimnents 
is bavsed iipoii the assumption of the exer<*isc' of fm* choice* hy the 
individual and the underlying supposition is inaeh* that prevailing diets 
represent a species of “survival of the fittest.” It is <»l>vious, how(*ver, 
that if this eritorion were to he applicni in Japan it would yield far 
different estimates from those w'hic*h wouUl result from its appli<*ution 
in England. As Taylor has observed, the eiistoinary dietary of <lif- 
forent races has in no small degree b€*en fashione<l by tlu*ir etluiologi(*ul 
development. “In some lands races were compelhKl to a<lopt <*ultiva- 
tion of the soil, in other places, fishing, in some ureas the <*hase n*innined, 
long into relative civilization, one of the chief methods of securing food. 
The variations in ethnological development brought about by (*nforei»<l 
cultivation of the soil, as eontrastetl with the state of alfnirs in a tribe* 
of hunters, are well illustrated in <liirerent tribes of our Ain(*ri(*an 
Indians. l>e])cnding upon the methoel of sustaining th<* life* of the 
tribe, the stanelard diet of the tribe varied. Only under mo<l<*rn 
conditions of transportation have the instiiK*ts and tastes of man had 
opportunity for full choice in <liet. ('ompulsion to some <*xtent and in 
some <legrce there has always been.” 

Chittenden was able not only to maintain nitrog(*nous and calorific* 
equilibrium for prolonged periods on a much lower prot<*in intake* 
than that recommended by Voit, but he was able to kec‘p atld<*<c*s in a 
condition fitting them for extreme c^xertion. Ac<*ording to 'ra.N lor tlu* 
Nitrogenous Metabolism of a man of 70 kilos may be Mimniari'/<*d as 
follows, the nitrogenons output being expressc*d in t(*rms of grams of 
protein: 

( tiaiiiM pi'i 


ilnv 

Nitiopcoji oulpuioii i)i(>t(»iri-riot» <hc*t wiCh ('iizbohydiiilcH 10 to l.“> 

NitroKon oiitinit in Htiuvaiioii, IowohI level , lo to *J0 

NitroseiiouH aiul caloric e<iuUibiiuni, with aiii{>h« iiiKi^Htioii ot (nuIm* 

h.v< Irate . . . .10 

NitrosenouH ami caloiic eiaulibriuniT huKolv with fat. 10 

Normal protom mimt, Hufotv ituiip;iii of 100 per <‘eiit 70 

NitioKciiouH an<l caloric e<j[uilibnuiii on a pure piolein <het. 7o0 


Nitrogenous and calorific equilibrium can tlier(*for(* be attaiucsl on a 
diet rich in carbohydrates with a daily intake of only one-thirtl of tin* 
amount of protein recommended by Voit. It cannot b<* posit i\<*ly 
affirmed that this low protein intake would also sufliet* to p<*rniit 
normal growth in children or atloleseents. It has been argu(*d that as 
a great part of even this small protein intake is simply deaminiztxl 
and burnt in the Exogenous Metabolism, there must be pl(*nty to spun* 
for tissue-synthesis. It has never been demonstrated, how'evt*r, that 
the exogen(>us metabolism is reducible below a cortaiji level* In fu<*t 
the deaminization of amino-acids with production of urea <*()ntinues 
even in. starvation. There is apparently, in so far as ])rotcin is <*ou- 
cerned, no level of the nutrient-reservoir at which a large overflow’ docs 
not occur. If the overflow and inflow are nearly balanced and the over- 
flow (i. e., exogenous metabolism) is irreducible upon a diet of given 
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composition, then it is clear that the outflow of nutrients to the tissues 
may be just sufficient to maintain repair and yet quite inadequate to 
synthesize additional tissue, despite the fact that the intake is far above 
that which would, in the absence of the overflow, be necessary for this 
purpose. In order to establish the adequacy of a maintenance-income 
of protein for growth it would be necessary to show that the rate of 
exogenous metabolism, which appears to be governed, at least in part, 
by the Thyroid, is reduced when tissue-accretion occurs. The experi- 
mental indications are quite the reverse and tend to show that tissue- 
accretion is not a cause, but may be a consequence of lowered exogenous 
metabolism. 

It is clear, however, that adults may maintain themselves in nitrog- 
enous and calorific equilibrium upon a much lower protein intake than 
is customary in many countries, and the question therefore arises 
whether a restriction of the protein intake, particularly in the English- 
speaking countries, may not be nationally and economically desirable. 
We should be cautious in deciding this question upon an insuflSciency 
of evidence. A multitude of factors enter into the question besides 
the merely financial factor In the first place it may be stated that 
no harmful effect of a high protein diet in normal persons has ever been 
demonstrated. No particular disease is noticeably more common 
among people accustomed to a high protein intake than among those 
accustometl to a low protein intake. On the contrary, diseases traceable 
to lowered resistance of the peripheral tissues, such as Trachoma, are 
decidedly more abundant among people whose diet is deficient in 
protein, although it must be admitted that the dietary of these peoples 
is ])robably deficient in other respects besides that of protein-content. 
A high protein intake does not throw a “load upon the kidneys, which 
is deleterious in normal persons, and in any case the “load” is very 
easily lightened hy a copious intake of water. 

On the otlu'r hand, taking Australia as an extreme instance of a 
community which is accustomed to a high protein intake, we find from 
the ]>re-war statistics of the Commonwealth Government that the 
Death-rate was extraordinarily low, nearly one-half that which prevailed 
in Italy and Austria, lower in fact than in any other country excepting 
New Zealand, which is also a community of high protein consumption. 
Th(^ Cancer death-rate was intermediate between that of Italy and that 
of France, two communities each consuming far less meat per capita 
than the Australian.^ The birth-weight of Australian infants of 
British parentage exceeds that of British infants born in England by 
over ten ounces.® No trace of deleterious influence of the high pro- 
portion of meat in the dietary is thus perceptible. On the other hand 
the diversity of climatic and social and economic conditions forbids us 
from drawing the opposite conclusion— that the high protein intake is 
positively beneficial. 

1 OfElcial Year-book of the Commonwealth of Australia, 1914. 

> T. Brailsford Robertson: University of California Publications, Physiology, 1915, 
4, p. 207. Amer. Jour, of Physiol., 1915, 37, p. 1. 
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It timy bo pointed out, however, that an iuiu.suaUy low and also an 
exceedingly high rate of Exogenous Metabolism ar<‘ alike <Udeteri«>UH to 
the general welfare an<l efficiency. Physicians sc»ek in soni<‘ instancies 
to correct the former condition by the administration of thyroicl 
extract or of other preparations which are bcdievtMl to stinndate metab- 
olism. It is quite possible, howciver, that the effe(‘ts which are dt*sir<Hl 
might also, in those instan<‘es in wdiieh no manifest disease of the 
thyroid is prcjsent, be elicited by an adcHpiate incTeust‘ in tlu* protein 
intake of the ])atitiiit. This ])ossibility is merely mentioned in order 
to illustrate the probable nature of the elfects and utility of a i)rotein 
intake in ex(H\ss of our ininiimun nc^t'ds. We must rt"coIle<‘t that it is 
not the energy out])ut which suffices merely to maintain Iifi% to gain the 
means of living for another day, whicdi is of gcuiuine value* in the* <\v<\s 
of civilized mankind. The prochu^ts of lumiun effort wdiich we pris^e 
are wholly the outcome of the small surplus of enc^rgy wliicdi wc* col- 
lectively generate over and above the miniinuin whi<‘h will support life 
and propagate the species. This small surplus, which is minute* in 
comparison with the ttggrc*gate expenditure*, is the* origin of all that we* 
cherish, and, e*ven in purely ee*onomical te*rms, the <*ost of its production 
is negligible in (*omi)arisem with its value*. In the* ahse*nc<* of any 
evidence of dclett*rie)us infiueuc*e, a reasonable (*xe*e*ss of prott‘in intidvc*, 
sucih as that usual in the Unite*d Kingdom or Am<*ri<‘a, should not lx* 
discouraged in advane‘e of a e*le*ar deunonst ration that it plays no part 
in the generation of efforts which, in the aggre*gate, may out\\e*igli the* 
costliness of the practice. It must be aelniitte*d, ho\\e*\(*r, that <*ve*n 
uiKUi this basis it is elifl[ie*ult to ele*fe*ud the e*xtraordinanly <*\c<*ssiv(* 
ineat-consuniptiem whie*h has hitherto he*e»n eaistomary in Australia. 

THE NORMAL DIET. 

The normal elietary eif a varie*ty of eliflerent classt*s and ocrujiations 
of socie'ty in the Umte*<l State*s has l)ee*n inv<*stigat<'d h\' At\\at(*r both 
fre>m the standpoint of composition and that of Calorific Value 'I'ln* 
tollowing tabic suminarizcs some eif his results. It must lx* r(*coIl<*<*te‘d. 


however, that the epiantity < 

)f fcKXI 

actually < 

Hgi'sted, assn 1 1 

iilat<*d ai 

utilizeel w'as in each instance 

a little less than 

the cniantity 

whu*h w 

ingested; 

Oomiioaition of (iHMlioi. 

Protnin, Fat. C Wbohviliato. 

( 'iilorirH. 

Oooiipatiun 

grams. 

grattiH. 

Kriiius 

per tlitv. 

Fiintiera* familioa . 

101 

128 

-170 

3500 

Mechanics* faniiUos 

IIS 

158 

420 

3005 

ProfesBional faxnUies 

110 

180 

442 

3530 

Five college-student clubs 

127 

181 

402 

3880 

Sixteen men’s student-olubs 

105 

147 

405 

3705 

Four women’s studont-clubs 

101 

139 

414 

3405 

Stonemason, hard work 

180 

305 

1150 

8850 

Blacksmith, hard work 

200 

304 

305 

0905 

Footballer , . . . . 

181 

202 

557 

5740 

Sandow 

244 

151 

502 

4402 

Teacher’s families, Indiana 

111 

110 

349 

2010 

Officials’ families, Pennsyl- 
vania 

98 

155 

800 

3405 
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It will be observed that the habitual performance of hard physical 
labor is correlated with a high calorific intake. The increase of intake 
affects, as a rule, all three classes of foodstuffs. The increase of the 
Protein intake is surprising in view of the fact that proteins are not 
a normal source of muscular energy. This apparent contradiction, 
which has been observed in all countries, has been explained in several 
diverse ways. Advocates of a high plane of protein nutrition have 
advanced the tendency to increased consumption of protein by those 
who perform hard physical labor, as evidence that the increased speed 
of metabolism induced by protein facilitates the functional activity of 
the tissues, including muscular tissues. Advocates of the low plane of 
protein nutrition, on the contrary, have urged that the high protein 
intake of these persons is essentially accidental, arising simply from the 
fact that they ingest larger quantities of all foodstuffs and, maintaining 
the normal admixture of the three types of food material, incidentally 
consume more protein. This, however, was certainly not true in the 
case of the blacksmith and the professional athlete, Sandow, whose 
dietaries were investigated by Atwater. A more reasonable suggestion 
tlian either of the above is probably that which has been put forward by 
\^)it, that as persons accustomed to hard labor are usually more muscu- 
lar than sedentary individuals, the total protein intake required to 
su])])ort the greater quantity of Protoplasmic Tissues, maintaining their 
wear aiul tear, and at the same time the exogenous metabolism, is 
greater than it is in persons, even of like weight, in whom a considerable 
liart of the weight is made up of adipose tissues, for example. The 
figures obtained by Atwater are certainly suggestive from this point of 
view, for the total ineohaiiical work ])erfornied by Sandow in a brief 
daily exhibition and a period of practice or exercise was evidently not 
nearly equal to that jierfornicd by a manual laborer in an eight- or ten- 
hour day But by exercises and a mode of hfe carefully directed to 
that end, Sandow liad brought about in himself an extraordinary <lcgrec 
of muscular (Uwclopincnt, far exceeding that of the ordinary laborer. 
In liariuou,\ with \'oit’s suggestion we find that his intake of protein 
was ni'arly two and a half times the normal, while his intake of fat w^as 
normal and his intake of carbohydrates only slightly above the average. 

It has been already ]M)intod out that the vegetable foodstuffs are, 
as a rule, distinguished by their relatively low^ eontent of jirotein. 
'’l''his arises from the fact tliat carbohydrates assume a structural role 
in plants w hile in animals their place as structural materials is taken by 
liroteins It is from this fact that one of the several objections to 
the i)ractic*e of Vegetariamsm arises. A purely vegetable diet is, if 
nitrogenous equilibrium is maintained, an exceedingly voluminous oiae. 
The indig(‘stiblc residues of cellulose are large, the feces very bulky, 
and the focal masses occlude a proportion of otherwise digestible and 
assimilable materials which are voided with them. The wastage in a 
vegetarian diet is for this reason alone a considerable item. A much 
more serious source of waste, however, is the incomplete utilizability 
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of tlu5 small i>r()i)ortion of i>r(>tt‘in which the \M‘«ctnhlc diet <h«‘s con- 
tain. We have seen from the rwearehes of Lontloii (( 'ha|)t<‘r XI) that 
the intestinal (‘pithclium exerts a i>rc*limiiiar.v seh*etive net ion up(m the 
ainino-iieids which ar<! suhmitte<l to it for ahsorption. r<*jeetinjj a 
proportion of those which are in nnwonttsl «‘xcc‘ss. Now 

the proportions of the various Amino-acids in the pr<»tcins of ve^t'table 
origin dilfor very dceidwlly from tlios<* which obtain in proteins of 
animal origin and therefore, on a purt‘ly vegt'tnbh* <liet, the ainino-a<‘i<la 
presented for absorjrtion are in abnormal proportion to on<* amdher. 
A portion of the amino-ticids derivtnl from v<‘g(‘tubl<‘ proteins by <liges- 
tiou are then.‘f()re rejoett‘d and voMtsl in the f<*<*{*s. 'I'lie following 
table shows the per<xmtage of the nitrogen in various t.\'iM‘s of food- 


stuffs which is mutually ti.ssimilatt*d: 

INToi'iittiKO t>f iiitroicou 

Typo of footl. 

llrtUuUy IMMlIlUlllttHl 

Flesh . ... 

m 

Fish ... 

«7 

Ekith 

«r> 

Milk . . . 

U1 

BoauH 

sr> 

(^>rn 

S3 

Whoiit-floiir 

SI 

llico 

so 

PotUtOOH 

78 


Thc following table, shows the. relativ(* proportion of wnslagi* on 
a purely vegetable diet, an average ini.xt*<l diet aiul a high meat-diet 
(Atwater and I.iangworth) : 


Typo of <h<tf 

VoRotiJ-blo tUot 
Mixocl, iivcriiKO nu'Hl, 

Mixod, largo uniuiuit of xiiwit 


Nttrogou III Kriiiim pt'r ilitv 


In footl 
13 8 
W 4 
33 I 


In unno 
13 1) 
ir> 3 
i>i r> 


In UuM'H 
3 

2 1 
2 ‘J 


PoimituKn 
o( iiilii>|irf<n 
utmti'fl 

28 

13 

\) 


Even the aniiuo-a<‘ids which fail to undergo assimilation, ho\\e\<T, 
do not represent all the wastage which o<-eurs on a purely \eg«‘table 
diet, for tlic proc’css of selection and rejection which initiat<‘s in the 
intestine continues in the tissues, and the reject<‘d (‘xc(‘.ss of unutilixable 
radicals simply enters the exogenous metabolism an<l, whih* it is avail- 
able for the production of heat, is useless for the maintenanci; of th(4 
integrity and rejiair or synthesis of tissues. This fact is v<'ry well 
illustrated by the experiments of K. ’’rhomas, who, subsisting upon a 
diet of starch and sugar, estimated the minimal daily Ukhs of tissue- 
protein and then adde<l to his diet food materials of various types in 
order to determine the relative power of the proteins which they con- 
tained to save the body from loss of tissue-protein, or, us ho tenns 
it, the Biological Vidues of the various proteins. The following were 
some of his results: 
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Biological Values of Various Proteins, Estimated in Terms 
OP THE Percentage op Bodt-protein which their 
Ingestion Will Spare from Loss, 


Ox-meat 

. 104 

Yeast . 

71 

Cow’s milk 

100 

Casein 

70 

Fish . 

95 

Nutrose 

69 

Rico 

88 

Spinach 

64 

Cauliflower 

84 

Peas 

. . 56 

Crab-meat 

79 

Wheat-flour 

40 

Potatoes 

. 79 

Cornmeal 

. 30 


It is evident, therefore, that the nutritive value of peas, for example— 
notwithstanding their remarkably high protein content in comparison 
with other vegetables —is mudb less than we might infer from their 
composition, and approximately double the normal protein intake is 
required in a diet in which peas and beans are the only important 
source of protein. Recollecting that peas and beans are the only 
generally available vegetable articles in which proteins are at all abun- 
dant, the difficulty of securing nitrogenous and calorific equilibrium 
upon an exclusively vegetable diet must be apparent. The herbivorous 
animals can accomplish it by eating an enormous bulk of food, for which 
their intestines are especially adapted by their length and capacity. 
A proj^ortionatoly bulky diet would ensure grave digestive disorders in 
the average hiiinaii being to whom it was habitual. 

Even more serious difficulties than this, however, confront the 
would-be vegetarian. We have seen (Chapter XXI) that the Fat- 
soluble Accessory focxlstufi* is associated with animal fats and that it 
is abs<)Iut('Iy essential both for maint(»nanee and for growth. It is 
lacking in a <liet <'om])osed of C‘iistoinary articles which are solely of 
vegetable origin. Tlu' fat-soluble essential for growth and mainte- 
nance does not occur in the fatty tissues of ])lants, in seeds and fruits, 
l)ut in the forage-jiarts It is acquired from these by the herbivorous 
animals and stored by them in their body-fat. To obtain a sufficiency 
of tins substan<*e from vegetables in our diet, we would be compelled 
to <*onsume an excessive (piantity of vegetable material of very low 
nutritive value, containing a very large ])roporti()n of indigestible 
residue. It may therefore be stated, and ex])erience seems to have 
fully justifie<l this <leduction, that continued maintenance of weight 
and luNilth, and, above all, growth, are impossible of attainment by 
human beings who confine themselves strictly to a vegetable diet. 

IIapi)ily there are few people who are so fanatical in their vegetarian- 
ism as to attemiit to subsist solely upon vegetables, fruits and cereals, 
and the so-called vegetarian usually partakes fairly freely of Milk and 
Eggs. On a mixed diet which contains a good proportion of these 
articles there is no difficulty in securing a thoroughly satisfactory 
nitrogenous and calorific equilibrium, and experience has demon- 
strated that a dietary of this character may maintain a high standard 
of bodily health and vigor. It is not improbable that occasional indi- 
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viduals would positively ixuiefit hy luloptinp; a <lietary of this type. 
Others, a«uin, uuf?ht not iinprobaWy fiiwi tliat while it fully surfiml 
for the luaintenaiur of weight ami health and th(‘ satisfaetion of tlie 
appetite, yet better digwtiou and iiuprov<‘d well-being would i>e 
attained on a <lietary containing some proportion of m«*at. 'I'o the 
majority, appetite, taste and habit apart, it would proltably be indif- 
ferent which alternative was julopted. Without posit ively t'netniraging 
such dietetic experiments, especially where <-hihlren are <'on<‘ernetl, the 
physician will probably, unless there are certain indi<*ntions to the con- 
trary, do well to allow a vegetarian of this type to iiululge his whim. 
The absolute vegetarian, however, who declines even to partake*' of 
milk or egp, must be solemnly warned of the <langer he is incurring 
and the almost inevitably unhappy outcome of his fanatk*ism, while 
his children should be shiekied, if possible, from the outrage of the 
perpetration of his delusion at their expense, and to the irr(‘parabl<‘ 
detriment of their bmlily welfart*. 

On the other hand an exclusive flesh-diet, which has be<‘u a<lvocated 
no less warmly than vegetarianism in <*ertain ill-infonnetl (piartcrs, 
is only a shade less undesirable than an exclusiv(*ly veg<*tabh‘ <li<*t! 
The wastage again becomes very large on account of the stinudatioii 
of metabolism resulting from the high plane of protein intake*, and an 
abnormally large <*onsumption of food bmanes ne<*easary to maintain 
nitrogenous and calorific t‘quilibrhim. 'riic insufri<*i<«ney <>f the carbo- 
hydrate intake provides little of the proper nutriment for tiu* innscular 
tissues, the power of continued exertion is impairt'd, ami tin* ten<l(‘n<*v 
to certain types of auto-intoxication is probably enhance<l, 'rin* di<*t 
is so completely digestible that the fecal bulk is too small to maintain 
the proper tension and tonus of the lower int<‘stin(*, and tin* ivsultant 
stasis favors totestinal l^trefaction. The abumlant \ 4iri«'ty min<*ral 
constituents containc<i in the vegetable items of the custoinarv <h<*tarv 
is replaced by the relatively limited variety an<l (pnmtity of mineral 
constituents in flesh. The high protein intake implies a higli sulphur 
in^e, and therefore the formation of large (piantities of sulphuric 
acid, which reduce the alkali-reserve an<l impose a ten<h*ncv towanl 
Acidosis. 

On whole, it must be cvklent from the abov<* dis<*ussion that 
the only safe prescription for contimied employment hy persons of all 
ages is that which the good housi‘keei)er instiuetively n'eommends, 
namely, an abundant and varied diet. The requirements of the body 
are so numerous and so diverse in tlieir character and in tlie sonrees 
from which they must be derived that in our present state of knowledge 
a dragnet policy of sweeping into the body a large variety of dietary 
ancles IS the only one which will ultimately ensure a sufficient intake 
of every possible requisite. All precise dietary prescriptions, however 
well supported by selected individual experiences, are premature where 
the majonty of humanity are concerned, and a diet of half-raw meat, 
recommended on the ground that, being muscle, it must contribute to 
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our strength, should be viewed with no less suspicion than a diet of 
nuts, advocated because some of our arboreal ancestors were perforce 
accustomed to partake of these indigestible delicacies rather freely. 

The physician, of course, will find it imperative from time to time 
to impose quite severe restrictions upon the dietary of certain types of 
patient, of diabetics, for example, or of persons afflicted with nephritis, 
or with certain types of indigestion, and often he will achieve very great 
success by this simple means. His very success, however, constitutes 
in certain cases a positive danger to other people, through the possible 
conversion of his patient into a dietary propagandist seeking to pro- 
mulgate a “system” arising out of the measures which were found 
effective in bringing about the recovery of his own health. A brief 
but clear and simple statement by the physician of the precise object 
of the dietary imposed, and its limited applicability, might not infre- 
quently suffice to stifle a dietetic fad at its birth. 

THE CALOBIFIG REQinBEMENT AND THE “SURFACE-LAW.” 

''rhc avcrag<' Starvation-metabolism of a vigorous man engage<l in 
light work and weighing 70 kilos is about 2240 calories or 32 calories 
I)(‘r kilo ''Po maintain calorific equilibrium this heat-value must be 
contained in the food, and a certain excess to compensate for the 
stimulation of metabolism or Specific Dynamic Action of foodstuffs. 
On a normal mixed diet this amounts to from 11. 1 to 14 4 per cent 
of the starvation-ininiinuin (Uuhner) This would indicate calorific 
eciuihhrnun on an intake of from 24SS to 2»5()2 or, m round numbers, 
2500 calorit's or liO calories i>er kilo of hoily-w^eight 

''Fhe total iiH'tabolism varies very greatly in different s])ecics of 
animals, the iiKdabohsm {xn- kilo being much higher in small animals 
than in larger This may be mfiTred from the relative consumption 
of Oxygen ])er hour and kilo body-w'eight by differcMit s])ecies. The 
following r(\sults are cit<‘d after Ilubner. 


SpjM U'S 

W’riKkI, 

kilos 

Ciriiios of oxvfcoii 
(*0|lHUIIU‘d i>ci kilo 
pri hour 

(^nli 

in') 0 

0 ISl 


(><> 0 

0 100 

'I'm k«*v 

a 2 

0 702 

*)<>« 

r> (> 

0 <102 

( loom* 

1 (» 

0 ()77 

nnl>l>i li 

a 42 

0 725 

Hull 

1 51 

0 S4(> 

I )uck 

1 22 

1 282 

Kluch 

0 025 

Vi 000 

Simi low 

0 022 

9 «5<)5 


''Fhe greater metabolism of the smaller animals arises, according to 
Jlubner and Richot, from the greater area of external surface in pro- 
portion to their volume which they present. If the linear dimensions 
of a solid are increased in the proportion of 1 : 2 the surface is increased 
in the proportion of 1 : 4, but tjfie volume in the proportion of 1 : 8, 
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so lliat the ratio of 8urfa<*(‘ to volmiu* falls t<» ono-hulf. 'I'lu* surface 
of a regiilar aolkl varies Jis the two-thinia expoiwiit of th<‘ volume or 
as W f, if we metusure volume iii terms of weight. Now, Ituhuer has 
observ«l that the metabolism ])er unit of Body-surface is miK'h mori‘ 
uniform in different siwies than the metalM>lism per unit of Ixuly- 
weight. E. Voit has deteriniiuHl the heat-pnalvud ion in rt*sting animals 
of various sizes per kilo and also imt stpiare-nwter of surfacv with the 
following results: 


Cnltiriw 


Rpocios* Wftiiiht In I*t«r kUi>. Mtirfuots 

IIOTBO 441.0 n :i l)4K 

l>iK 128.0 ID I 1078 

Maxi 04 a 32 1 HM2 

Dog . . 10 2 r»l 0 1030 

Rabbit 2 3 70 I 770 

Rabbit (without oars) ..... 2 3 7r» 1 0 17 

Gooso 3 ft <MI 7 000 

Fowl 2.0 710 ihVi 

Moubo O.OIH 212 0 1188 


The metabolism per kilo in these differtmt apwit's (lis|>ia.vs Ihe 
greatest diversity, ranging from 11 calories per kilo in tin* horse* to 
212 calories per Wlo in the mouse. The metabolism per 8(|uan*-meler 
of body-surface is very nearly the same in all of tlu* diir<*r(*nt Hi>('<*i(‘s 
investigated, ranging, with the exwption of th<‘ rabbit, from JMM) to 
12(X) calories per square-meter. Metabolism bears therefon* u far 
closer relationship to surface than it <lo(‘s to weight and the relation- 
ship extends to different individuals of the sunn* spen-ies and «‘\|>lains 
in part the high metabolism of infants. 

This relationship, which was dis<*overed by Uul>n<*r in IKKH and 
emphasized by lUehet in 1H8,'), was at first interpr<>t<‘<l to m<“an (hat 
the main factor governing metabolism was th<* rate of Radiation of 
Heat from the surface of the lK)dy. Doubt was thn>wn tipon (his 
interpretation, however, by tJie diH<*ovcry that the prcxluetion of heal 
by warm-blooded animals of different sizes eontimu's to be ])ropor- 
tional to tlie body-surface even when the teinperatur<* of tlu* sur- 
roundings is uniform or nearly uniform with that of tlu* body, so that 
the heat-loss through radiation is a negligible proportion of tlu* total 
energy-production. On referring to the preceding table it will be 
noted that in a rabbit deprived of its ears, altlumgh tbe radiating sur- 
face is much diminished, yet the production of heat remains unaltered. 

Although the metabolism per unit of surface varies very much It'ss 
than the metabolism per unit of weight, yet the proportionality of 
metal^lism to smface-area is not nearly so exact as many observers 
have in the past decades considered it to be. Thus, Henediet, in a 
cntical examination of the ratio of Basal Metabolism to surface in eighty- 
nine men, sixty-eight women and a large number of infants found very 
marked deviations from the rule of strict proportionality. As Benetlict 
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has stated, “It is obvious that any basis of comparison which involves 
variations of 40 per cent with men, of 43 per cent with women, and 
80 per cent with normal infants cannot be considered as a physiological 
law.” Benedict draws attention to the great importance of specific 
Stimulators of Metabolism, which may be contained in the diet, or in 
the products of the activity of certain tissues. Thus after prolonged 
severe Muscular Exertion the metabolism is stimulated for a long period 
following the cessation of exercise and the consumption of foodstuffs 
for the production of mechanical work. Yet the ratio of bodily sur- 
face to volume has undergone no change in consequence of the exercise, 
nor has the temperature of the body risen. Whatever may be the 
mechanism which brings it about, it is clear that products of muscular 
exercise (and the same is true of acidosis) induce a stimulated combus- 
tion of foodstuffs, and, therefore, in the absence of ingested food, an 
increased destruction of tissue. 



Fuj r>7 (’hiiit, pK'pj'* Dll Hois, sliowiiiK l>asiil j»s inoasuiod in 

cnloiK^H pkkIikimI pci Tnot<*i ol Ixxlv-sui I .k c pci hoiii fioiii liiith imfil Ihe 

voaiH m human males Between niatinitv and the eishlv -fifth year 
th(M(* IS a ^lailual iall iti tin* iniiMisitv ol nudaholism of Id pei eiait. (Aftei Busk) 


mftM'stliai tho total inotabohsin, or niotaholisin at rest with- 
out food, is d<‘toruuii<'d by two iiiaiu fac'tors tho first the mass of 
Protoplasmic Tissues (])ar(Micbyina) and tbo so(‘()n<l the variable eoneen- 
t rat ion of s])e(*i(ie Stimulators of Metabolism in tbo tissues. It W'as, 
in fa<‘t, assumed l)y Voit that tlie total metabolism is actually pro]>()r- 
tional to the mass of cellular as tlistinguished from Sclerous Tissues 
in th(‘ body, and this view' is sui>ported by the steady decrease in 
metabolism wdiieh is charactt^ristic of the jicriod between maturity and 
old in iHJin 57). The increase in basal metabolism per unit 
of weight or surface which occurs to a very striking degree during the 
first y<‘ar of i>ostnalal growth is, however, only to be interpreted by 
also taking into consideration the second factor suggested by Benedict, 
namely, the variable concentration of stimulators of metabolism which 
(letennine the Metabolic Rate of the tissues. The rise in metabolism 
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which occurs in curly f^rowlh anti just lH‘f<»rt‘ pultcrty, tlicrcfort*, iiuH- 
catcs an accuinuliition of stiinulalors of nictal>oiiHni which arc nt>t 
improbably aastwiattsl with tin* production of tisstics cluirnctcriztsl l>y 
the possession of iiigli Nucleo-cytoplasmic Ratios (('iiaptcr XX). 

We must still admit that the ratio of hastd inctnholism to surface, 
althouf^h variable, is mutdi less variable than tht* nitio of nu'talxdisin 
to weight, length, temperature, or any other dimension or ehamet eristic 
of the individual. The possibility Inis not bt^n sufficiently consiiler<*d, 
however, that many iletails of structural ]>roportion in tiu‘ body may 
be correlated with superficial area nithcr than with weight, ami that 
the ol>served relationship of inetaixdism to aurfa<*<‘ may la* thus only 
an indirect one, repre.senting a relationship of nu'tabolism to a group of 
structural elements whiidi vary as the two-thinls exponent of the body- 
weight or volume. Thus, Dreyer has shown that the bl<»od-vohun<' 
ami the sectional areas of the aorta ami the traclu^a of animals of 
different size are proportional to W ?, that is, to tlu* surfa<‘<*. hViedi'u- 
thal has pointed out that the sum of the mm-protopiasmic maf(>rials 
(reserve-materials, skeletal constituents aiwl fibrous tissues) in the 
animal body increases more rajiidly with total .sist* than tlie i)ro(o- 
plasmic tissues. Tliis is, in fact, inevitable, for the niH'd of binding ami 
supporting tissues increases in pro[)ortion to the strains to whicli the 
body is subjec't and these increase not only in proportion to the mass 
but to the mass X linear dimensions of th<‘ body. A small mass of 
protoplasm recpilres no bimling tis.sues to support if, but a largi* mass 
of cells would collapse of their own weight without binding, ei'irn'iiting 
and supporting tissues, and the gn*ater the distanei* of an.i mass of 
protoplasm from the center of gmvity of th<* whole, f h<* gnsifi'P in that 
proportion will bo its tendency to break away. Krieilentlud <‘on<'lu<h*s, 
in fact, that the protoplasmic or Parenchymatous Tissues onl.\ inen-ast' 
in proportion to the two-thinls exponent of the total wmght, /. r , in 
proportion to the surfa<‘e. Sinc<‘ th<*s<* an* tlu* tissue's of higlu'st 
metabolic rate, their mass, together with the ]>roportion of Nuclear 
Constitaents which they contain, might be exp<*<*t<*<l to play a lemhng 
part in determining the rate of basal metabolism. Kinaily, it must 
also be pointeil out that since the volume of th<* bhwxl is proiiortional 
to the two-tliirds ex])<)ncnt of the body-weight, tin* rat<* of supply 
of oxygen to the tissues, for tlie j)rodu<*tion of heat by oxiilation, must 
also vary in proportion to tlie siirfaix* rather tlian the weight or vohinu* 
of the individual. 


THE NUTRITION OF CHILDBEN. 

During the early period of post-natal development the sole normal 
source of food among the mammalia is WBlk. The milk of different 
species of animals, however, is very far from being of eoustuut composi- 
tion, and we may infer that the optimal admixture of foodstuffs for 
sucklings varies greatly with the species. The following table repre- 
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sents the composition of milk of several species, determined by Abder- 
halden: 

One hundred parts by weight of milk contain : 


Species 

Casein. 

Albumin 

Total protein 

Fat 

Sugar 

Dog 

. . 4.8 

2 6 

7 4 

11 6 

3 2 

Pig . 

3 8 

1 5 

5 2 

9 5 

3 3 

Sheep . 

, 4 1 

0 8 

4 9 

9 3 

5 1 

Goat . 

. 2 9 

0 8 

3 7 

4 3 

3 6 

Guiiieor-pig 

C^ow . 

4 8 

0 6 

5 4 

7 0 

2 0 

. 2 9 

0 5 

3 4 

3 7 

5 0 

Horiae 

1 3 

0 8 

2 1 

1 1 

5 9 

Ass 

0 8 

1 1 

1 9 

1 4 

6 2 

Human 

. 0 8 

1 2 

2 0 

3 7 

6 4 


Human milk contains more Albuinm and much less Casein than cow’s 
milk. This may be only one among many reasons, not readily deter- 
minable by analysis, why Artificially-fed Infants rarely thrive as well 
as breast-fed infants. This fact, which has so often been demonstrated 
and in such a diversity of ways, may be illustrated by the following 
tabular comparison of the growth of South Australian male infants 
which were in every resjject normal, but which in the one group were 
fed for at least the first few weeks at the breast, while in the other group 
modifie<l <‘ow’a milk was the source of nutriment: 


Average woight m ouneea of 
South Aubtrahan male infante 


Ago 111 IlKtldllH 

liroabt-fod 

Jrtottle-fed 

1 

155 

117 

2 

187 

141 

;i 

205 

109 

1 

221 

193 

.'■> 

2,51 

22r> 

(> 

270 

242 

7 

287 

2<)7 

i) 

dU 

280 


The luitritioiml roquimnents of diildroii are iniieh greater iu pro- 
poiiioii to tlieir weight than those of a<lults The heat-])ro(luetion of 
infants at various ages is thus suiiiinarized hy Miirlin 


Age 


llont prodiK lion of inlants lutoiitly iod 
1111(1 sloopiiig 

( 'alonoH poi smmit*- 
<*uI(>rn*H i«*r kilo ini'toi ol suiiuco 

ami hour and houi 


Hiilh 

12 lo 4 tnonl.im 
(> to 12 inoiithH 


1 87 

25 

2 3S 

35 

2 45 

42 


Underfed and atrophic infants produced more and overweight 
infants less than the heat-output of normal infants. It must be 
remembered, however, tliat these figures are subject to considerable 
modificatiou by a variety of factors, among which Exercise, for example 
crying, the tyjic and quantity of clothing worn and the Temperature 
of the surrounding atmosphere are the most important. 
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The Beat-production ])t‘r kilo l)<Mly-wt‘i«lit in an infant (iiirinn the first 
year is about 80 calories, wliihs that of an a<hilt «loes not ex<*ee<l 8(> 
calorics per kilo. The hcat-pro<luetion of the Newborn Infant is nmeh 
less than at later months, in many <'iyjeH not I'seetnliuK -18 calories per 
kilo, I'hc heat-prodwtion per square-meter of surfatt* aLso rise.H (luring 
the first year. The allowanc<* of 100 calories per kilo which is adopted 
by many physicians upon the basis of the older t^ftimations of Heuluier 
is undoubtedly excessive for the averagi' infant. Kveti taking 80 
calories per kilo as a basis, however, the bxxl r«‘{juire<l by an infant of 
10 kilos atone year of age is om‘-third of that rtxiuin'd by an a<lult 
weighing seven times tis much. 

This high food-rcquinanent arises from three s«um-e.s: Firstly, the 
high average Metabolic Bate and the high proportion of Parenchymatous 
Tissues in young animals; swondly, the lurgt^r pn»portion of surfa<-e to 
volume involving a greater Radiation of Heat tluui in th<* a<iult, an<l 
thirdly, the energy absorlH'd in the building up and retention of new 
tissue. In older chiklrtai we nni.st a<l<l to th<‘8<‘ tin* iiu-e-ssant Muscular 
Activity which chanu’terizes a healthy chil<l. 'I'aylor stat<‘.s that a 
resting boy of ten ywirs sliould have a metabolism of alxmt 10 <*alories 
per kilo per day, but tliat when e;igag<*<l in play thedi<*1 of tin* chihl may 
have to be as high as 100 calories jx-r kilo per <lay to maintain <-alorilic 
equilibrium. “The diet of a chikl must, then^fon*, c«i\(*r tlu' basal 
metabolism, the natural increment of growth, and the enormous onti)ut 
for physical exercise. It is the inability to judg<> th<*M* fractions 
correctly that is respoiusible for so much un<l<'rfe«>ding of <-lul<lr<‘n. 
There ar<.% furthermore, the ad<litional deprivations so often m(li<‘t<‘d 
on children by the application of fad-notions of diet. I'he ndativc* 
caloric inimt of a nonnal chikl k'ading an outdoor lib* is to lx* <-ompan‘d 
to that of a man at heaviest phy.sk’al work. I’rotem in <‘\c(*s.s is not 
needed, that is <*Iear; but total calories are netsled, in the form of sugar 
and fat.” The craving of healthy children for sugar is then'fon' the 
expression of a normal and hcaltliy n(*ed arising from tin- high con- 
sumption of gIucos<i by the Muscular Tissues. It stionld Ix* satisfieil 
by a discreet allowance of sugar and an abundant allowaii<‘<> of poly- 
saccharides. 


THE ENEBOT-EQnnrAI.ENT OF GROWTH. 

The storing-up of tissuc-substiuu-e which is possesse<l of a definite 
calorific value, necessarily results in the n'tention hy tlu* growing 
animal of a proportion of the energy-value of its fotxl, and, furthennon*, 
a considerable proportion of the heat-value of the <liet, varying with 
age and the rate of growth, is additionally eonsunu‘<l aiwl dissipated in 
performing the work of storage. IThis is doubtle.ss attributable to the 
fact that at all stages of growth, as at all stages of any chemical trans- 
formation, the forward and reverse reactions arc proceeding side by 
side. In growth the products of the reverse reaction (tissue-degrada- 
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tion) participate in a side-reaction (Exogenous Metabolism) and are thus 
partially consumed, and their energy-value dissipated in the form of 
heat, mechanical work, and the energy-values of the excreta. Hence 
we find that in a given species of animal, the slower the accretion of 
tissue the greater the energy consumed per kilo of tissue built up, since 
the reverse reaction in such a case is proceeding for a longer time. The 
following are illustrative results obtained by Aron: 


Growth op Dogs. 


Aluinal 

Calories oonsuinod 

Increase in weight 

Calories consumed 
per gram of 

number. 

in fifty days 

in fifty days 

tissue-morease 

B 

19,950 

1670 

12 7 

C 

. 13,925 

1000 

13 9 

VIII 

9,500 

780 

16 4 

XII 

10,750 

838 

15 6 


From these results it is clear than an animal gaining 1000 gm. in 
fifty days needs fewer calories for this gain than one gaining 1000 gm. 
in one hundred days, the reason being, as indicated above, that in the 
former instnnee the animal needs to be “maintained” for only one-half 
as long as in the latter. The following are comparable observations 
made by Aron upon Filipino children. 

Makia Inocencia. 


liKicHsf m Kraiuh Calorios 


I'rotn 

W <‘(‘k 

'I’o 

\V t’clv 

Nuiiilx'i 
oi <l.ivs 

Knmi 

to 

(lay 

P<*r <Uv 

Per kilo 

21 

2(1 

.If) 

3500 


3 

350 to .375 

100 to 10.5 


M 

31 

3()r>0 

4225 

17 

4.50 

1 15 to 120 

.11 

,{r> 


1225 

ISII 

21 

500 

125 




Mkhiklo 

riiiKdA. 



Kmin 
\\ »*('k 


NuII|I)4‘I 

«)1 (I.ivs 

IlK 

riMSt* 111 gl IIIIH 

(3i!(>rio8 


h't oin 

io 

IVi <liiv 

Pit (lay 

Per kilo 

1 

0 

,ir> 

.3.550 

1175 

17 

.i.5() to 400 

100 

0 

13 

2S 

1175 

1S,5<) 

24 

450 to 475 

105 


1 lence, (luring the entire jieriod of the investigation, Maria Inocencia 
inereast'd in weight at the rate of 14 gm per day and consumed an 
average of driO calories ])er day and 115 calorics per kilo. Miguclo 
l*riega, on tlu* other hand, increased in weight at the rate of 21 gm. 
per day and consumed about the stune number of calories per day and a 
considerably smaller number iier kilo. 

Acconling to Rubner, the energy consumed per kilo in doubling the 
Birth-weight of animals is always very nearly tlie same, excepting in the 
case of man, namely, about 4000 calories. The following data are 
presented by Rubner in support of this thesis: 
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lIorMu 

<Jow 

Bhoop 

Ho« 

Dog 

Cat . 

Ua.i>tut 

Man 


Kiu>rtfy-«H»it«uitit>tif>ti jwt kilo 
III tUmhIIna tim 

lurtii-wmKtit. 

. . . 4512 

. . 4242 

2925 
2754 
4204 
4554 

rmn 

. 2 SH 0 I 


The geuenilisstHl form of this relatioiiship wouhl Ik*: 


m tt log X f* 1 ) 
X 


where “K" in the emTKyH'oiwuinption, “x" the weight of th<‘ aniniul 
and “a” an<l “b” art* constants which arc th<‘ sanu* for all sixx'ics 
(exceptini? man). I)onbling of the weight w»mhl ohviousl>’ always 

K 

a<id an equal amount to the <iuoticnt , that is, to the total <*ncrgy- 

X 

consumption per kilo. Tliis leads t«) tlie dilVerential or vt^locity- 
equation: 


which means that the consumption of energy per unit of tissiu'-aecre- 
tion increases in proportion to the energy \vhi(*h Inis aln^ady hetui 
consunml in rea<‘hing the weight to wdiieh this unit of tissue is ad<h‘<l. 
When this rate of energy-<'onsnini)tion hecom<‘s <»<iual to or h‘ss than 
the Basal or Maintenance-metabolism it is obvious tiuit growth must 
cease. The. more. rai)idly growth occurs, ho\vev<T, th<‘ h»ss <‘n<Tg.\ from 
exogenous metabolism is expemUsl <luring the time consunnsl in build- 
ing lip a unit of tissue at a slower rate, '^riiis obviously corri^sponds 
very well with the facts usecrtaiiicd by Aron. 
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THE OUTLOOK 


The acquisition of knowledge always results in the revelation of 
wider and yet wider prospects tempting inquiry and inviting explora- 
tion. To the Pythagoreans life and the universe were fairly simple, a 
few rules when once discovered would, they felt sure, reduce the seem- 
ing chaos to order. In the laws of number lay the simple clue to the 
whole riddle. To Descartes, two thousand years later in the history 
of man and of science, how much more complex did the world appear. 
Yet even he thought that the phenomena of life could be interpreted 
by geometry and hydrostatics and that emotions arose through oscil- 
lations of the pineal gland, originating from the varying pressures of 
an impinging fluid But three-quarters of a century later, Newton, 
incomparably the greatest discoverer of his age, gazed in awe and 
humility upon the limitless prospect which his labors had revealed. 

“ 1 <lo not know what 1 may appear to the world, but to myself I seem 
to have been only like a boy playing on the seashore, and diverting 
myself in now and then finding a smoother pebble or a prettier shell 
than or<hnary, while the great ocean of truth lay all undiscovered before 
me.” A new o<*oan of uii<liscov€*re<l truth . that is the revelation which 
we glean from every fresh ac*hievenu‘‘nt of the scientific method, and 
this IS essentially its most ins])iring outcome. 

It is refreshing, from time to time, to ]>ause amid the fruits of our 
eolle(‘tivo labors and gaze upon the wideneil prospect which lies before 
us, striving to make out the <lim form of truths which are emerging, 
hair-veile<l in the mists of the early claw'ii of knowledge, upon the 
horizon of our inquiries. 

In the territory with w'hich we are here most particularly concerned, 
that temtority which lies u]>on the borderland of life an<l of atomic 
affinities, and seeks to illnmine the one with the beacon-lights of the 
other; the imexplore<l oppresses us with its vastness an<l entices us 
with its promise, while the known, the sure ground of fact, comprises 
only the fringe of our future heritage of knowledge. Tn the prospect 
wdii<*h lies before us certain objectives lie plainly outlined and almost 
within our grasi>, others are less clearly apprehended and others, again, 
loom gigantic*, unformed, terrible in their potentialities for good or 
for evil, upon the* ultimate horizon of our outlook. 

In tlic‘ forefront of our prospect lie, patently enough, the vast 
industrial potentialities of our science, barely touched as yet, but 
destinc'd in the near future to be a rich field of endeavor, promising 
inexhaustible resources of wealth and power, the physical foundations 
of intellectual achievement. The accumulated storehouses of fuel, 
deposited in the carboniferous era, and now rendered available to us in 
4.'5 
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tlu 5 form of ooal atid oil, hav<> inm*ly wervod, by oim* of thow* liappy cou- 
juiictions of historical circumstance* whi<*h have r€*ii<lm‘ti possible* the 
spiritual (lcvcl<n)mt*nt of man, to tide us over the pericwl of awnk(*nin|t 
consciousness and undevelop(*d p(nv(*rs which (*ompris<*d the ukc of 
steam and the industrial revolution of the nineteenth c*<‘nttir.v. Within 
a period which is relatively brief in the* a}t(*“lonK history of man these 
stores will be exhausted and we must, as we assures lly will, lonj? (‘re 
that ternj arrives, solve the problem of mnnufucturinfc illimitable 
supplies of fuel, intimately there is only one way in which this can 
be done, and that is by transforming the radiant <*nergy of the .sun 
into the potential energy of a falling weight, originally liftcnl by the 
heat absorlnsl in evaponitioti, or else, as in the utili'/ation of uh'ohol 
W motor-fuel, by converting the radiant en<*rg>' of the sun into the 
potential chemical energy of a <*arbohydrate or a rt*lated or <l(*riv(*d 
organic com])Ound. The latter methcsl li<*s almost within «mr <*ontrol, 
the former not so nearly, and hence it is to the understanding ami 
control of the photochemical synth<»sis of organic* compounds that we 
must look in the main for our future sour<*(*s of fuel aiul mot iv<*-pow(*r. 

The initial .step of ])hoto.synth<*sis having hcc‘n acs-oniplislicsl, the 
succtHKiing .stag<*s in the evolution of organic <>ompoiind.s in living 
organisms are cwcsnuiilLshc'd at low tcmiXTuturc's through the* agc'iicy 
of ouKymes. Wc arc gathering aecpiuintanc’c* ^^ith the* nature* of the.s<* 
substances and of the t;ircuinstan<*<*s and j)rincipl(*s wliic-h g(»vcrii thc'ir 
action, and through tlu*ir right und(*rstanding ami employment we 
will ultimately he enahksl to uec'omplish synthc*sc*.s which at prc*scnt 
are possible only in living organisms or, if imitahlc* in tin* laboratory, 
may only be achit*ved at tlie cost of an <*xi)<*mlitur<* of (‘iH*rgy and raw 
materials far (*x<*<*(*ding tlie value of the* product. 

The further iiivc.stigation of the* oxidative proc«*ss(‘.s which occur in 
living organisms and underlie luiniimscence, is undoubtc>dl\ di‘stim‘d 
to supply us with that hitlu*rto <*lusive ideal, “eolci light," and the 
r(*inarkahle advan(*es in our knowlcslge of this field, during the* past few 
years, as.sur(* us that this outcome of hioeh<*inical invc'stigation i.s not 
now very far from practical r(*alizatioii. The* m<*t(*oric advance* of 
aviation, from the air-flotation <'xi)erinu*nts of lamglc'y t«) the* re*e*e*nt 
flight from liondoii to Austnilia, has shown us liow rapidly in our 
times practical realissation may follow upon the* he*e*l.s of the*e)re*tle*al 
possibility. 

The fuller unde'rstandiiig of the* nature* of enzymatie* pre)es*.sse‘8 which 
lies immediately before us will, t*re long, l<*ael to the* eli.se*e>ve*ry of their 
chemical nature and eompo,sition. Advanet'S have* alr<*ady be*t*ii made 
in. thi8_ direction. Euler has prcKluetHl an artifi<‘iul oxidase* and Falk 
an artificial lipase. It is not at all improbable that the digestive 
enzymes are not nearly so complex as the earlier investigators imagined 
and that the ^nthesizing enzymes are merely the digestive enzymes 
or modifications of them, acting under differing physical conditions. 
The synthesis and control of artificial enzymes will revolutionize the 



THE OUTLOOK 


707 


science and art of organic synthesis and place in our hands a multitude 
of inestimably valuable products which have hitherto been regarded 
as costly rarities^ the curiosities of a chemical museum. At the same 
time, of course, the production of many substances which are already 
manufactured, or derived from the cultivation of plants or animals, 
will be very greatly cheapened. But, above all, the artificial produc- 
tion and the control of enzymes holds out the hope of accomplishing 
the synthesis of foodstuffs under conditions independent of climatic 
variations, and in the immediate neighborhood of the great centers 
of population, thus eliminating for the great majority of humanity 
the enormous addition to the cost of food-values which is compWsed 
in the expense of transportation. The synthesis of palatable carbo- 
hydrates and fats, sufiicing for a certain proportion of our dietary, 
when we once acquire control of the enzymes, should not present any 
insuperable difficulties. The proteins are a far more complex problem 
because of the diversity of units of which they are composed and the 
necessity for the provision of each one of them, nor will the synthesis 
of ammo-acids suffice, for while these satisfy merely nutritional 
requirements they are not palatable and their ingestion in requisite 
amounts introduces abnormal conditions into the alimentary canal 
which are not well tolerated. The synthesis of “ protein-sparers’^ of 
the type of gelatin, polypeptides which may be utilized with advantage 
to reduce our protein ration, would doubtless be the first step in this 
direction. 

After all, however, it may well turn out that the most practicable 
way to synthesize enzymes is to permit organisms to make them for us. 
Not the com])lex organisms of the present-day farm, but unicellular 
organisms which we may cultivate in vats. We have utilized such 
organisms since the earliest dawn of history to make alcohol and 
acetic a<‘id for us, and at the present day we utilize unicellular organ- 
isms, yeasts or bacteria, in the manufacture of bread, of cheese, in the 
preparation of hides for tanning and other processes of manufacture 
This type of industry, whi(*h is as yet barely in its infancy, has receivcnl 
a ))owerful stimulus through the necessities created by the war, and 
while in the allied eountries a special organism was utilize<l to manu- 
facture acetone for the preparation of explosives, in (Jermany yeast 
was cultivated in media consisting of inorganic salts and glucose, as 
a means of manufacturing protein. This protein, with the fats, poly- 
saccharides (glycogen) and accessory food factors which the yeast- 
cell also contains, might well be employed as a desirable and palatable 
article for human c*onsumption, but the method in which it was 
chiefly employed in Clermany during the war appears to have been as 
a <*ouceutrated feed, economical of production and transport, for the 
nourishment of cattle. 

The gradual replacement of the crude and wasteful, but picturesque 
and health-giving processes of the farm, interwoven with our remotest 
origins and endeared to us by innumerable historical associations, by 
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th(! “scmlul” i>rof(jHH(\s <>f thf fa<*tory may wdl hcciu to many a far 
from <U*sirabI<^ ontoomo. 'rhe Hoiciitifu' invostiKator, lutwevcr, like the 
follower of a n^liKioHs order, atoya not to iuqtiin' wliether thia or that 
particular cousequciiee of Ida faith l>« imnuidiately k'«« 1 or hiul in 
ita transient outcome. Wc elinn to the faith that the <‘omprehenaion 
of Nature will yield ultimate fniits of unalloy<>d j5o<h 1. '’nu* forward 
march of that comprt'hension ctuinot I)e stayed for the loas of this or 
that implement of our intellectual yojith which must, alh(>it with 
poignant regret, he disi'ardtHl by the way. 'Fhe ultimate triumph of 
spiritual ovcjp material intert‘ats, vahn‘s, and motives, which is the goal 
of our understanding, will yield us pleasurt‘s upon another plan<C na 
incoinprehcnaible to us, iK*rhapa, aa onra are t»> the prinittiv<> savage 
Furthermore, if the factory is “ .sonlid," that is, aftt‘r all, tiot tin* fanlt of 
the knowledge that romlerwl manufa<>ture poasihle, hut of tin* decrepit 
ideals and attmted imagination of those who utilise our knowl<*<igc. 
The social evils which menace civilissation in our day ar<* tin* in«iir<‘ct 
outcome, it is true, of the advanet's of scientific knowledge, hut the 
responsibility for them rests up<»u the whoh* «»f Immauity; tli<\v are 
the visible exiiresaion of <lefe<-tive kleals, d»‘fectivc undcTstnndings and 
defective information; they are not of the t^ssem-e of knowh‘dg»*, nor 
does tlie guilt of their i)roduetion op]>ress the soul «)f the jnire s(‘(‘ker 
after knowledge. An apt* knows not how t o use fin* nor tin* salvage how 
to use edged tools. JJoth inaiy hurt themselves with tht'st* things, but 
does it follow then that they am* bad or thait knowlt*dg<* of them should 
be eschewed? 

Perhaips, aifter adl, the snbstitutioai of the factory for the fairni maiy 
restore raither than detract from the vaihie of the coaaiitry to mai'i. 
liegrct it ais we maiy, and long befon* the fai<‘tory-syntbi‘sis aaf food- 
stufls has begun to be ai meusuraibh* item in our (•omnu‘rc<*, the attraac- 
tivenesH of aigriculture ais a carca'r is aliatiinishing aiiad lias ailn*a<lv 
faillen fair below its auicient staindaml. The r<*st oration of our aonntry- 
side to untauiUHl natim* maiy serve us after all in good sta*ai<l, and set 
free for us the means of enjoying sonu* of tlu* ph*aisun*s aif primitiva* 
inain once more, of regaiining .some of tin* youth of th<* woi-ld with tin* 
intelleetuail heritaigai aind the seeuriti(*s of am old aand a*(>anph>.\ <>ivili- 
Kaition 

Ueturning, for the moment, to more iiniu<*diait<*ly reailisaibh* possi- 
bilitic*8, the utiliiAailion of the vairious jaroducts aiiul <'oiistitii<‘iats of 
living luaitter, apairt from the fooalstulls, is ais vet in its infainev. "^rhe 
value of materiails arises out of their pwuliar suitaibility for the purt)oa(*s 
of man, on the one hand, and their rarity on the other, anal tha* ah'sires 
and purpa)Ha*s of mam are so multifarious in tl«*ir variety that it may 

• 11 *^ •naterial pa)ssa*sseal of unique physia'al a'liaraa'teristies 

wU ultimately be famnal of pmiliair utility in satisfying some aane or 
other ot aiur necals. Now among the products of vegetable anal animal 
life, there are numerous substances which are tlistinguished by their 
possession of unique physical characteristics. The peculiar properties 
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of rubber and of the ^ms and mucilages, the adhesive quality of gela- 
tin, the glaze communicated to surfaces by colloids in general, and starch 
and dextrins in particular, and the hard surfaces communicated by the 
drying oils are already utilized in a multitude of ways in our manu- 
factures and our daily affairs; but the possibilities held out by the 
products of life are far from being exhausted by these few instances. 
Among the proteins, for example, we find elastin, distinguished by its 
possession of the rare combination of elasticity and tensile strength 
without rigidity, spongin exhibiting, although in a different way, a 
similar combination of qualities, keratin, distinguished by its hardness, 
insolubility, translucency and ability to take a polish, fibroin distin- 
guished by its extraordinary tensile strength, lightness and insolubility. 
These few examples suffice to show us what a variety of physical char- 
acteristics the various proteins may display, and since these substances 
do not differ profoundly from one another in structure and compo- 
sition, we may infer that a relatively slight chemical change may confer 
upon a protein an entirely new series of physical characteristics. An 
example of this is afforded by the effect of union with formaldehyde 
upon the physical characteristics of casein. 

The proteins are, at present, sparingly employed in the manufac- 
tures, but casein is used as a substitute for celluloid, and buttons, 
hair-combs, billiard-balls, and other objects formerly made of ivory or 
celluloid are now made of casein rendered horny in consistency by 
treatment with formaldehyde or calcium hydroxide. Casein is further- 
more utilized as a vehicle for pigments in paints, as a finishing and 
water-proofing material, aii<l for the manufacture of non-inflammable 
moving-picture films. Tlic uses of gelatin are manifold and well- 
known The employment of the relatively expensive proteins of animal 
origin in the manufacturing industries, however, is excessively w'asteful 
and cannot continue indefinitely, or expand to very great dimensions. 
Wc must seek substitutes for the proteins already used, and new utili- 
ties as well, among derivatives of the relatively inexpensive vegetable 
proteins. The exigencies of the w^ar have, m fact, already called into 
being a vegetable glue, and a vegetable substitute for casein undoubt- 
e<lly merely awaits the seeker. 

In agriculture, our recent acquisitions of knowledge in the field of 
growth have already profoundly influenced our practice in the feeding 
of stock for the market and for breeding purposes. Further advances 
in this direction, together with precise knowledge of the time-relations 
of growth in the various domesticated animals, will ultimately enable 
us with the utmost precision to define the most economical practice 
of feeding and the optimal duration of growth for the production of 
calorific and nitrogenous values. In the ^owth of perennial crops, 
also, an exact knowledge of the time-relations of the growth-process 
will enable us to determine with precision the optimal period of growth 
which should elapse before cropping. Especially in forestry this knowl- 
edge will increase the economy of our practice. 
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The bi(K*lu*mu!uI n'liitums hetwifu tli«* w»n ami ita iMictt'riai flora 
on tlie om* hand and the erop on the other is ulr<‘ady a flonrishing 
field of investifjHtion, aiul the results of th«*se UKiuirU's have Iwl to 
very imiKirtant improvements in aKrienItural praeti<'<», 'I'lu‘ further 
<lcveloi)ment of this field, uimI esptxnally the expansion of our knowl<>dge 
of tlu* inetaladism and symhiotie relations of iMieteria, will p»>int the 
way to a multitiule. of new iiulustrial and uKrieuItural applieations. 
The siil>jt*<‘t of plant-patholojtj' is also intimately ridattsl to Inoehem- 
istry and the invt'stiKation of tlie hicK'hemh'al eotulitions underlying 
gall-fonnation, for example, will uialouhttHlly shtsl a ihusl of light upon 
the essential nature of the internal fiudors whieh govern tin* growth 
of plants. 

It is in the ])raeti<‘e of mwlieine, lu)wever, that tin* applieations 
of bioeheinistry will ultimately eome to affect human vvtdfare most 
diretrtJy ami profoumlly. At the prt'sent moment tin* advatunss of 
biochemical knowle<lgc and teehnie are rapully fnrnisliing the phy- 
sician with diagnostic metlnsis of pns'ision, aiul indications for 
treatment l>a.s(Hi upon exact knowlt*<ig«‘, wl»ep<* but a few y«‘urs ago 
empiricism afl:‘or<le<l the sole basis of tr<*atni<'nt. 'I'ln' discoveries 
which lie befort* us, however, will ultimat<>Iy transform tlu* s<>o|>e an<l 
revolutionise the [)metiee of m<sli<*ine, ami tlu* substitution of knowl- 
edge for cinpiri<*ism, of s<’ienee for (*mftmunship, as yt*t bar«*ly begun, 
will not cease until it is complete. Tlu* life t>f man may lx* r<*gnr(h'«i 
from a material point of view as eon.si.sting on the oiu* liuml of a struggh* 
to obtain nutriment, elotlies, aiul other <*ss(*ntials of <*\i.stence, and on 
the other hand a .struggle to withstaml tlu* deh*t<*rious infliteiu'cs «»f 
his envinmment and tlu* imperft*<*tions of ins own organisation. Our 
environment opposes us with <*limuti<* fluctuations and «*\tr«*nics, ami 
with perviwling toxic ag(*nts, and an <*v«*r-i>r<*s<*iit host of parusitii* 
organisms eoiitinually .s(*(*king, and bar(*I,v failing in tlu* cotuiiu*.st of 
our tissues. On the other liaiui we <Ii.splay tlu* imperfis-tion of our 
organisation in disorders of fuiu'tioii and in the eiilininuting <bM>rd<*r 
of senescent atrophy. 

Each of these disabilities we are st*t*king to coiupUT, and in their 
conquest and eontnd bioeliemistry must necessarily play a h*ading 
if not an absolutely <l<!eisive i>art. Our rt*ai.stane<* to toxic- agc'iits of 
environmental or endogenous origin is rendered iioasibh* by a pc'c'uliar 
mechanism of adaptation, or “tolerance," wl»i<-h we us y<*t und<*rstand 
very imperfe<*tly. Its understanding and control will constitute* one 
of the most important among the forthcoming udvauet*s of our knowl- 
edge, and must result, not only in a greatly improved knowleslge of 
the fundamental mechanisms of adaptation, but in throwing a flood of 
light upon pharmacological science and therai>eutie praetus*. The 
advances of recent years have demonstrated to us that our resistance 
to ^e invasion of parasites is determined by specific chemical agents 
which our tissues manufacture— the various antibodies. The chemical 
nature of these substances is as yet hardly understood at all, yet this 
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knowledge is fundamental to our control of zymotic diseases. We find 
that whereas to certain organisms we oppose an impenetrable resistance, 
to others our resistance is very slight. Our acquired resistance, result- 
ing from infection or artificial immunization, varies between the same 
extremes. The transient or inappreciable immunity conferred by 
immunization in many diseases lays us opfen continually to their 
inroads with resulting loss of life and ejQBiciency which have been 
displayed upon a gigantic scale in the recent world-wide scourge of 
influenza. The erection of defences against such plagues, and the 
common infections of the respiratory or alimentary tracts which are 
responsible, in the aggregate, for so much loss of effort, time, life and 
efficiency in the world, will never be possible until we understand the 
underlying chemical reasons why resistance, natural or acquired, to 
this disease should be high and permanent and to that, slight and 
transient, and our understanding of this will in turn depend upon the 
acquirement of knowledge of the actual chemical nature of the anti- 
bodies and the precise nature of the processes involved in their inter- 
action with the tissues or toxins of the invading parasite. The study 
of these substances and reactions is proceeding apace, and a clear and 
full understanding of the mechanisms of immunity, while perhaps as 
yet remote, will unquestionably be acquired. 

''Phe conquest of zymotic disease has begun, many of the bitterest 
scourges of the middle ages have disappeared from our lives never to 
return, and one by one our parasitic enemies are being deprived of 
power to mar or destroy our lives. Our disorders of function are 
gradually becoming understood, chlorosis and gout are disappearing, 
niyxedema may he prevented, such conditions as cretinism and 
asthma arc being traced to avoidable origins, diabetes is coming under 
control, and while (‘aiiccr still exercises its ravages almost uncurbe<l, 
that <Iark ])rol)Icin too now presents some openings which the forth- 
coming advances of our knowledge of the chemistry of growth will 
undoubtedly enable us to convert into means of its eradication or 
])rev(nition; for the ]irobleins of ])athologieal growth are fundamentally 
identical with the ])r()blcins of normal growth, and the information 
which sheds light upon the one type of growth will reveal the origin 
of the other. 

Senescence alone remains untouched, the final triumph of Nature 
over the human desire to live; but if we can once rid ourselves of the 
suggestive influence of age-long experience and view the phenomenon 
impersonally, as the culmination of a definite, understandable and 
therefore controllable process, we will perceive that this too must 
ultimately fall under the sway of human intellect. The indefinite 
prolongation of his own life is the manifest destiny of man, and the 
progress already achieved is certainly not less than that which had 
l)een made toward our conquest of the air when Leonardo da Vinci 
so confidently, and as it then seemed so futilely, predicted that man 
would ultimately fly. 
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Tlio of the biolofifirul s<*ieiu‘C8 Iuih heoii stHteci hy J. Lo<*l> to he 
the artificial creation of living nuittcr. To this, too, \v<* <lare not 
as<Tiho impossibility, imt its attaiiiiiieiit seems at prt‘sent to b<* almost 
certainly more <]islant than any of tlio ohje<*tives wc liave hitherto 
reviewed; for our increasing knowledge of lif<»-phenoinenu reveals to 
us more and more clearly that the processes of life are wrapper! up, 
not merely with a peculiar admixture of unstable chemical <*ompounds, 
but also with a definite archite<*tural aprangement of these compounds. 
The simplest living organism with whudi W'o are a<*(|uainti*<l possesses 
a definite structure, aiul even supposing our knowl<Hlg<* of the <diemistry 
of life to have become so exhaustive us to permit the* pn‘cis<5 imitation 
of the chemical constitution of living matter, its structural <*onstitution 
would still remain an incentive to investigation ami an obstacle', but 
not an insuperable one, to the attainment of our ultimate goal. 

The slow, hesitating, clinging grasi) scien<‘c, like that of the many- 
tentaclcd deni/iCns of the sea, cannot be loosone<l or evachul. 'Thnmgh 
many trials and failures, let tlie suiH'rficial ai)pearanci' which hidt's tlu' 
precious truth be as polished an<l impenetral)le-sec‘ming ns it may, a 
flaw will be found, a foothold gained, and atom by atom, through 
centuries if need be, the very heart of mystery is uuveil(‘<l. 'riu'n' is 
not, nor ever can be in our universe, anything whi<*h <lirt'ctly or in- 
directly can be ma<le to assail the senses of man, that his intc'licM't 
cannot ultimately fit into the supreme archileclurt' of tlu' miii<l, and 
there is not, nor over can be, one thing which the intclh'ct of man fully 
comprehends which he cannot in some measure appropriate an<l <'mploy 
for the direction of his own destinies. But in what way will w(' <*inpl<)y 
these powers? That, mdce<l, is a ricklle to whi<*h s<*i<'nc<' <‘an furiiisii 
no solution; its answer lies hi<i<icn from our senst's, in tiu' <l<»cp<'st. 
recesses of the moral nature of man; but the responsibility for tin' 
choice, whatever it znay bo, rests not with the s<*i<‘iiti/i<- discoven'r, 
save only in the degree to wdiieh he shares our common humanity. 
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globin, 391, 392 
of Inano^lobin, 390, 391, 399 
ol m<‘i lienKi^lobin, 391 
ol o\vh<>inop,lobin, 391 
1 ime-i<4a( ions ol, 272, 271 
ol wab'i liom (h(‘ mt<'stin(s 353, 354 
\( aff/htft'', ruft/aiis^ 291 

\<-c<‘Um .d ion ol <‘l\<Miiie!il lenetions l>v 
use ol l(Mnp<'t.i( UK', 171 
\<*<*<*l(‘ial ive i.icloi in ^louth, 535, 539, 
5 10, 557, 55S 

\ec(‘^soiv <*atalvz<'is, 23(5 See also C^o- 
<*n/iVin(*s 

loo<i-la<'lors, 11, 105, 000, (>()<), (510 
See also I<'al -solnbh' a<*<*<‘s- 
sorv, Walt'i-solubh' a<*<*essoiy 
aial Aiit is<*oil)ii( i<* a<*<*c‘ssoiv 
in animal bits, 122 S('e also 
I«'at-soIubI<' aei'esHoi v 
nnmlx'i of lh<», (511 
leciunenuait ol the diet, 123, 
593 Sec* also Fat^oluble 
a<‘ec*SHorv, Wat<*r-Holuble ae- 
<‘(»Hsory and AnUseorbutic 
a(*(‘essory 

storage of, (510, (511 

A(‘<*tald<*hvd<*, aee<*pt.at.i(>n of hydrogen 
by, 4()(> 

Ae<*l.i<* aeid, 121 

<*atalysis of hydrolysis of methyl 
aeetatc* by, 495 


Acetic, manufacture of, 707 

meznbiane formation induced by, 
505 

neutralizing power of, 300 
production of, from alcohol, 465 
from butyric acid, 460 
Aceto-acetic acid See Diacetic acid 
Acetone, 329 

bodies m urine See ICetonuna 
manufacture of, 707 
permeability of erythrocytes for, 290 
precipitation of membrane-forming 
agent in blood by, 511 
removal of autocatalyst from yeast 
by extrat'tion with, 552 
Acetonemia, 307 

Acetonitiilc, effect of thyroid a<lininis- 
tiation ui>on toleiance foi, 430 
Acetyl chitosamme, 73 
cholosteiol, 115, 616 
choline, 213 
nuinbci of tats, 123 
piopionic a(*id, (54, 191 Soo also 
l/cvulim<* aci<l 
ladicals in chitosamme, 97 
\c<*t..vlat ion of cam* sugai, S4 
'\<*hioo(U*xtiin, 94 
Acid albiiminat(*s, 143 

<*hloiid(*s of the amino-acids, 150 
<l(*v<*l<)pini*nt of, as fatiguc-pKxluct 
in biam, (531 

f4f(*cts oi ini(*ction of, 29S 
intoxu'ation m iliabelcs, 451 
secretions, (aigin of, 3(55 
Xcidit V ol l>rain, m<*i(*ase ol, <lu(* to stim- 
ulation, (530 

Acidosis, 298, 302, 454-15(5, 4 58, 1(50, 
1(51, 4(53, 4(54, (594 
<*i<*atimiiia in, (555 
<ln(* to dcpiival of cailx)hydiatcH,593 
of niineriil constit.uents of 
the diet, 592 

output of ammonia in, 299, (552, 684 
of nitiogcn in, (5(55 
stimxilat.ion of metabolism by, 697 
tit ratable acidity of urine in, 672,673 
Acids, coagulation of protein by, 135 
combinat.ion of, with gelatin, 343 
compounds of piotcm with, 185 
inffuonce of, upon pepsin, 236 
upon permeability, 362 
membrane-forming capacity of, 507 
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A(*idH, pnxliK'tion of Hocndin by notion 
of, '\\4 

from HUKiirn, C7 

HtiimiliiUon of ronpiratory o4‘n(or by, 
dOS, iVM 

A(To«’h miction for protoiiiH, I ltd 
A(iroin(*#?aly, d.SI, fiSIt 

induooil l)y t<*thclin, 0120, Olil 
A(?roH<*, 57 

Action current in iiuihcIch, tcinp(*rafur<‘- 
cocfIi(*iorit of ('ondtiction of, 182 
Activation of trypHino«(»n, 410 
Activalorri of oxy^^on, 4tt5 
A<lni)lntiou to (Mivinmnicnt, Itb*), 810 
mcf'hnnmniH of, 710 
AdiliHon’H diwviHc, 214, 400 

blood-prcHHuro in, 412 
AdcnuiHO, 104 

Adenine, 101, 108 105. 201, 005, 050 
doaminization of, 100 
hydrolyniM of. 101 
niononucleotid, 108 200, 251 
\iracil dinuclootid, 107 2(K) 
AdenoHine, 105 

Ad<»leHcent cycle of j^rowth, 52S 580, 588 
Adrenaline, 200, 218, 21 1. 400, 578 
(liHcharnc of, in (‘motion, 112 
(‘(T(‘(‘tH of adininiHlmtion of, 111 
on alknlnu* rc'HC'rvt', 1 1 1 
on liver diaHtaHe, 412, 180 
glycuiHuria eauHtvl by, 4 1 1 
mobilixat.ion of HUj];ar-r(»H<‘rv(‘8 by, 
418 

oxidat.ion of, 400 
phymologieal actionw of, 410 
presHor <'tTe<4.H of, 410 
reaetioiiH of, 215 

ivduct.ion of liemorrhaK<» by, 1 18 
Adrotun See Adr<»nahne 
AdHorption of enssynu^H, 225 
A(‘robi<! ba(0eria, 488 
Affahntiy 480 
Aftar, 02 

elTect. on volnirie of fcMVH, JU 
jellu'H, 881, 885 

dilTuHion in, 882 

Af?e of in(*id(*nc(‘ of eaiKUjr, 100, tilO 
Agf^n^firation of fat in e<‘llH, 880 
Afi;matine, 201 2()<1 

AIanin<‘, 0<), US, 158, 102, 172, 201, 208, 
487, 50H 
in blood, 201 

elTeet of, on hiHtainine. production, 
208 

enhancement of h(‘at output by, 
680 

production of lactic a<n(l from, 446 
m urine, 001 
Alanyl group, 165 
Alanyl-alanme, 150, 280 
hydrolysis of, 228 
Alanyl-glyoine, 2;J9, 240 
Alanyl-glycyl-glycme, 230 
Alanyl-leucino, 239 
Alanyl-leucme-gly<nne, 230 


AIlitttiHin induced b\ ltvpopltvs(*<4ciniv. 
581 ' 

, AlbutiiinoidH. 187 
, AlbuinitiH, 187 180, 150 

perc(>ntngc of. in dilTercnt iiiilkK, 000 
, Albtnnow*, JM, 145. St*e uIho I'rotcosis 
j ncnirnliisittioit of netdn by, 172 
I Alcaptonnria, 000, 007, <170* 

I Alcoliol, 47 

j 1 ‘OHgulitf ion of prof<*iii bv, 185, 1 t|, 

I 181. isr* 

1 of caH(*innt(*H by, IS8 

I dehydration by. 182 

elT«*et of, upon eondnetiviiy nf pro- 
I t(4ii Holut ions, 888 

hetnolyMiN iiidu(*(‘d by, 508 
' inereuH(‘ of output 'of uro<*r^thrin 

1 by, 071 

I inthuuiei* of, upon periiu*jibili(y, 801 

on Ht met un* of gelatin jidla^N, 

< 885, 880 

, tnanufaetnn* of, 707 

peimt ration of pro1**in menibraiieH 
by. 821 

prodimtion of, from malUiHe, 85 
r(‘Hpiratorv tiuotnuit in oMdation of. 
041 

soluble prtd (‘inn, 181, 188, 50<> Set* 

' also ProlatniiM'M 

m inai/.(‘, 505 

! utilmitioii of, for fuel, 7(M> 

Aleoholasts 105 

I AI(‘oholie fi‘rin(*ntaf lou, SI, 85, 101, 1()<) 
Alcohols d(*nval)le from sugais, (Oi 
soIubiUt> of nareotK's in, 820 
Aldehyth's, 01 

detection of, m tissues, ISO 
Iuinin(*sc(‘nce of, 100 
p(*rim‘abihty ot ei vthroo fes lor, 200 
AMeiiydroI, 77 
Aldos(*s, 00, 77 

(list met loti of, fioiii U<4 om*h, 00 
ovidation of, 07 

r<*aelioii of, \Mth hv<lrocviime aci*l, 
OS 

with ph<‘nvlhydra/.tne, <12 
AleuroiH* lay(*r of s(*e<lH, \vnf(*r soliibh* 
aeet'HSory ia, 001 
Alexin, 511 

lixation, 871 

Alfalfa, fat-Holubl(» acc(»HHorv in, 001 
Algie, 488 

ol(*etrieal eonductivitv of f issuers of, 
801 

iodine in rnarirns 867 
toxicity of pure sodiuin chloride* for, 
358 

fTohalose in, 84 
Algin, 92 

Alimentary canal, 20 

absorption of iron from, 46 
of nutrientB from, 541 
filyjpsuria, 70, 88. 240, 4S4, 451 
Alkali albuminate, 143, 150 

compound of, with ehtpeinc, 185 
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Alkali deficit m blood, 307 See also 
AoidoBis 

excess m blood, 306, 307 
reserve of blood, 295, 302, 316, 672. 
673. 694 
in diabetes, 456 
effect of adrenaline upon, 
411 


of tissue fluids, 304 

Alkalies, influence of, upon permeability, 
362 


permeability of erythrocytes for, 290 
Alkaline earths, casemates, 185 

chlorides, sensitization of eggs 
to niembrane-formmg agent 
in blood sera by, 511 
permeability of erythrocytes 
foi, 290 

salts, coagulation of lecithin by, 
12X 


Alkalinity of blooil, 330 
Alkaloidal reagents, precipitation of pro- 
liy, 135 

Alkalosis, 305-307 

duo to i)aiathvr()i<loctomv, 425, 436 
Allclocatalytic choct, 547, 552, 556, 560, 
6 IS 


Allontoin, 590, 659 
in blood, 65S 

lorinntion of, from uric acid, 657, 
(>5<S Hoc also Uricolysis, Unco- 
lytic iikIck 

All(*n’s paiudoxical law, 457 

tioatinont* of diabetes, 54, 457 
Allose, 60 
Alloxan, 192 

UNK'tion, 192 See idso Widal reac- 
t ion 

.Mlyl isosulphoeviinide. 9S 
MimoikIs, 9S 

einiitsiii in, 23S 
Moxjmtin, 215 
\l,sf/onnafi pahuttfum^ 285 
Alt it ud(», high, ()()1 
Mt ios(*, 60, 7 I 
Aluininiuin ehloiKle, 1<S2 

iiV(li;i((>, iiiflii(Mi(*(* oi, on pliosphoiUK 
nssiiniliit ion, 53 

sili(‘at(^ ndsoiption of wat(M -soluble 
aeeeshoiv !>y, (>01 

Alv<»oIai ail, <*aibon dioxuk^ 111,302,301, 
107, lOS 

^VinlxugiiH, 113, 111 
Antbli/ittomay 429, 436, 5S6, 622 
Anibiine, 114 

Amide nitiogen in proteins, 150 
Amines derived from aniino-acids, 202 
prodiKit.ion of, by putrefactive bao- 
Uiria, 201 

Ammo ^rou()s m odostin, 167, 168 
<*Ht.iination of, 159 
m piotoin, 164, 165, 171 
in Kt.urine, 16S 

Ammo-aeet.ie a<ud, 60, 103, 104, 148 
See also Olyeine and (Jlycoeoll. 


Amino-acid composition of dietary pro- 
tern, 461 

content of proteins, 134 
esters, 146 

Ammo-acids, 50, 94, 145 

absorption of, 260, 263-265, 274, 
433, 594 

spectra of solutions of, 486 
acid cnlorides of the, 156 
amines derived from, 202 
amphoteric character of, 166 
arrangement of, in proteins, 370 
in blood, 265-268, 375 
classification of, 146 
combination of, with thyroxin, 428 
crystal form of, 151 
deammization of, 203, 205, 206, 428, 
429, 433, 435, 463, 546, 650, 65^ 
654, 661, 666, 667, 688 
decarboxylation of, 202-205, 208, 
416, 573 

decomposition of, in putrefaction, 
662 

effects of, injection of, 429 

of subcutaneous admiiiistiation 
of, 649 

upon heat output, 086 
electrolysis of, 147 
electrolytic dissoeiation of, 166 
formation of dikotopipeiazmes from, 
184 

inability of tissues to synthesize, 595 
loss of weight due to dcpiivation ot, 
597 

maintenance of nutiition with, 264 
ninhydiin reaction of, 130 
m nucleus, 290 
nutrient level of, 546 
o])tical lotiitoiy powoi of, 152 
pel ineability of cells foi, 320 
ol ei vthiocytes foi , 290 
of tissues foi, 268 

luoduciion ol, fiom peptones by 
eiepsin, 117 

glvcocoll lioiii othei, 065 
pioteiiis <lefici«*iit m ceitiun, 685 
iiKaniuzation oi, 188 
radi(*als, di*terininati<)U of, in pio- 
tems, 159, 161 

roiiuired lor synthesis ot pioteins ol 
connective tissue, 578 
ie<iuirement ot, m diet, 593, 598, 600 
salts, electioly tie dissociation ot, 172 
selective absorption ot, 692 
solubility of, 152 
storage of, m nuclei, 657 

in tiBBues, 269, 545, 648, 669 
synthesis of, 707 

protein fiom, 243, 266, 543 
toxic bases derived fiom, 574 
union of formaldehyde with, 164 
m urmo, 661, 670, 672 
yielded by polypeptides, 164 
by proteins, 368, 369 
Amino-bcnzoic acid, 153 
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Amino-honzou* arid, d(*toxi<‘iitioii of ul- 
t.ravioloi. by HohilionH 4>f, 1S7 

Anuno-butyric 2()S 

AninH)-bui.^V**yl-Kl.V4*.inr, 

Ainin<Ml<‘rivat.ivos of m(»iioHiirchiiri<i<*H, 
7.S 

j9-ainin<M‘<.hyl nlrohol, I2i), 212 

AmiiHM^thyl <liHuh)hi<Ic, 2()i> 

Hulphoiiio ana, 101, 110, 009. Soo 
jiIho 'TauriiK'. 

Amino-galar.toHo, 102 

ce-aikiiiio-fclut.an(* 149. Hc^o alao 

(OiitaniK* a(‘i(l. 

<x-aniiiK)-i0-ju:iiaiii<lin(*-valorianic acid, M9. 
K(*(» alHo Arginino. 

Ainino-hox()H(»H, 97 

<v-ainino*iH(>capr(>i<f nci<l, t4K. S<‘c alno 
I^cuciii. 

a-aini*io-iHO- valerian i<^ a<*ul, 1 18. S<‘C 
alHo Valine. 

of-aniin()-v£?-incUivl-/tf-(*1hyl propionic acid, 
1 48 

Amino-nitrogen, eHiimalion of, 102, 104, 
205 


in tiHHiiOH, 200 

a-ainmo-normal caproic a<‘i<l, 1 18. ,Sec 
Claimne 

Amino-oxypyninuhnc, 192. alno 

('yHtoHinc. 

A inino-polyHac<‘han< I<'h, 97 
ot-anuno-propionic acid, 148 S<*<» alno 

Alanine 

Anuno-purinoH, 191 

Arnino-HUceinKi a(si<l, 149 See alno Ah- 
partie a<4(l. 

Amino-laloH(\ 102 
Ainino-tyroHino, 215 
Aiuino-valcric a(4<l, 208 
Ammonia, 4(5, (58 

a(‘ti<>n of, on Ha^nrH, (59 
in blood, 807, 875 

effect, of par«thvroid<'<»(oinv upon 
output of, 485 

evolved duiiUK protein hydrolynm, 
1 (>2 


excretion of, 807, (549, (552, (5(51, (578 
formation of uric, acid from, in birdn. 
(557 

glycocoll <leriv(‘d from, 59 1 
out.put of, m acidoHiH, (5(55, 072, (584 
<lunnft p(*rformanco of inuHcu- 
lar work, 442 

prcHorvat-ion of neutrality by, 299 
production of, by deaminization, 208 
of urea from, 050, 052 
Ammonifying bacteria, t.()xicit.y of Halt 44 
for, 859 

Ammonium carbonatxi, formation of urea 
from, 651, 052 

production of ammonium ear^ 
bonato from, 051 
of urea from, 307, 436, 050, 
652 » » » » 

formate, transformation of, into 
urea, 050 


i \itmioiuum ntoiitfurnti*. .^oltibtltfy <»f, (5<»o 
oxalate, inllueiice t»f, on cryMullixa- 
tfon t»f iietuoglobin, 89(5 
purpurat<s 192: 

HultH, in(!u<aic<* <»f, upon pfa'iiu^dul- 
ity. 802 

in nutrition of unicellular ani- 
nialH, 598 

IM*niieabiIit\ <»f itv th roc vt<‘H 
for. 290 

Hultdiati*. (siuKulatKiii of pnittun by. 
185,111 

Hulpliidts 1(5, 17 
Ainni'Hia, (528, t>:io. (587 
Amtvhit^ 19, 501 
Annnhoul motion, 501 
Amphibia, 28 1, 499 
Amplubian larva*, tc*tany in, 48(5 

tiHHU(*H, (*irctilating Ouid for, 291 
AmphtbiariH, clottinjji; of blood of, 8.8.8 

<‘fr(*(*tH of <*\ciHion tif (lit* pitintarv 
body upon, 58} 
inetainorphosiH of, 129 
lhvroi<l(*ctomy iti, 51(5 
AmpliiinixiH, 57 1 
Amphot(*ric ac'idh, 181, 152. 1(5(5 

clianicler of profc'in-, 1(57, .8(57 
Amvgdalin, 82, 98 
Amyl alcohol, (5(5, 29(5 

excrelion of, 71 

Amylnw*, 285, 218 See atsi» I>tnstase 
pan<*r<*atic, 219 

Amyl-but v»a(<*, MVnlhcMiN ol, 212 
Amylene, tneinhiaiie formation l>\, 5()S 
oxide glu(*oM>, 1.51 

linkaKc in sukhin, 80 
Ainylm, 91 
1 .‘VmvI<Ml(*\tiin, 9 I 
Anivloal, 91 

degenriation, I 12 

.\imphylnc(ic hIiocK, I.S9, 207, 20S, 210, 
201, 2(52. 821, 101 
.Xiumna, 15, .871, 89(5 

<lue to <U*(icn»nc\ oi iron m die(, .591 
origin oi, 51 

pnxlufdtou of, by milk di(*l, Hi, IS 
by luauoiThagi*. 19 
H(*ruin proli'iiiH in, 879 
AneHth<*Hia, 829 

(liHchargi* of n<In‘naline during, 112 
Aneathetic action o( magne.Mium .saltM, 
818, 855 

AuchI liet icH, inflia^ncc* of, uiion permea- 
bility, 801 
local, 411 

Anguilla imlganH, 284 
AnhycindcH fornuxl from IxdaiucH, 209 
fornml.ion of, from polyp(*t>ti<l(*H, 

of polyutnino-acidH, 154 
Aniline, 08 

ac(^tate teat for furfural, 04 
excretion of, 71 
Animal fats, 122 

fat-Bolul)le factor in, 41 
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AniinalH, chornical relationship of, to 
plants, 31 
Anruihdf 50(5 

Annual plants, growth of, 535 
Anoxemia, 306, 307 
Ant»agonistie action of salts, 356-359 
Antelopes, duration of life of, 587 
Anterior lobe of pituitary body, 103, 216 
See also Pituitary 
gland. 

effects of administra- 
tion of, 585, 586 
Anthocyanins, 70, 99, 100 
Anthropoid apes, blood of, 402 
Antibodies, chcimcal nature of, 710, 711 
production of, 369-371, 379 
by casein, 244 
in circ.ulation, 261 
by enzymes, 245 
Antienzvin<\s, 2*45 

Antigenic piopciiies oi blood (ilasina, 399 
of (‘iizyines, 246 
of henioglohin, 401 
of proU^ins, 144, 369, 370 
Antik<‘logciiic const, li.ucMits of diet, 401, 
Kilk ()U 

Aniimonv siilpliid(», 174, 177 
Antnu'iuilic luctor S(‘e Water-soluble 
ii<‘<*<‘SHoiy, Vitamin. 

Antipepsm, 21(5 
Antiiiiothroinbin, 3S7, 3S9 
Ani ipyiin, 3S0 

<»\ci<4ion ol, 71 
Anlinmnin, 216 
in bloo<l, 215 
Atdm hununy 100 

\ntis<*orbut 1 C accessoiy, II, ()()3, (>07, 
tiOS 

<‘llcc(.s oi d(«piival ol, 6()S 
.s(oiag<‘ ol, in tissvK's, ()()9 
\niilhi()ml>iii, .tS.^) 3.S.S 

in in<M)slnial (lui<l, 121 
rxMil lalizal ion oi, by c('ph.Mlin, 129 
\ntil<)\in, 377 

dipht luM la, 262 
Vnliiiypsin in lilocxl, 21.6, 2I(> 

\n1s, pMxluction oi ionnic acid by, 121 
Aoila, ch<)l(*sl<‘iol in wall ol, 2.59 
scx'tioiial an*a ol, ()9S 
I /a.s mc//tfira^ 125 
ApiKvi, l(W), 107 
App(4i((‘, 59S, 691 
Ap])I(ss, non in, 19 
Acpialic r>lant.s, pot.assiiiin m, .39 
Aiabinows (iS, (>9, 75, 2S6 
d<M’iv(Ml from pcctosc, 93 
inularotation of, 79 
Ainbit-ol, 6iS 
Arabonie acid, 6S 
Arachidic acid, 12S 
Arar/imda\ 112, 390 
Arhana, 177, 503, 51(), 517 
Areli<»nt(»ron, 567, 613 
Arrntrolaj 48 1 
Argmase, 650 
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Arginine, 146, 147, 149, 150, 162, 204, 
212, 436 
in blood, 264 

effect of, on histamine production, 
203 

estimation of, 159, 160 
necessity of, in diet, 599 
production of creatine fiom, 656 
of urea from, 650, 651 
radicals in salmine, 168 
relationship of creatine to, 435 
Ariohmax colutnhtnnuSf 480 
Aromatic oxyacids in urines, 666 
Arsenic, 62, 349 

sulphide, 174, 177 

Artenal pressure, fall of, in sleep, 635 
wall, cholesterol in, 259 

chondroitm-Hulphui 1 C acid in, 
101 

Arteiioles, constriction of, by adroiialiiie, 
410 

Arteiiosclerosis, 104, 259 
Artichoke, iniilin in tuberous, 453 
Aitificial paithenoftenosis, 506, 524 
in plants, 507 
Asparagine, 2S6 
Asparagus, non in, 49 
Aspartic acKl, 141, 147, 149, 153, 162, 4S7 
in blood, 264 
AapnqiUus 23S 

oryzoVf 234 
up , 252 

Asiihyxia, 127, 406 

accumulation of lactic a<*id m, 457 
excretion ot lacti<‘ acal in, t)47 
\ss, composition oi milk oi. t)99 
Vssimilation ot amino-acals, 2()(), 133 
ol cailx)!! dioxide* by plants, 187-189, 
493 

t cmp(*r.it ui<*-co(*tfica‘nt ol, 
IS2 

ot bxxtst nils, 17, 2(8 

maint (MiaiK (* <»! null lent U*V(*1 
b\, 577 

\ssiinilation-liinit* lor .siigais, 151 
Associ.ition, nn]x)itanc(* ni, in n*coll<*c- 
tion, 63(> 

Anictopn tvn aumntutt /es, 2S.5 
\sthnia, 207, 298, 262, 307, 711 
Asyiimu'ti V of tin* caibon atom, .57, 58, 
77 

Atherornata, induc(*d by chol(*Hl(*iol, 101, 
107, 259 

At.hlct-(*s, di(*t of, 44 t 
Atophun, <)6(), 661 

Atrophic mlants, hcat-pi<xlui*tion of, 699 
Atropine, 213 

paialysiH of secrcto-motor n(*ives ol 
pancreas by, 414 
Atrophy, Hencs<*ont, 571, 572, 574 
AtwaUjr-Kosa-B(*nedict caloiimeloi', 679, 
680 

A ureUa JlamtluLaj 292 
Autocatalysis, application of formula of, 
to a<it of drawing a lino, 633 
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AutOPiitnlyHiH, api>lintti(>n of foiiniilu of, 
toiiH^inori/iHlion of nylla- 

o;m 

to norvoUH plioiioinoiui, tKVi 
of coll-n»ultipli<'a<ion, fyiS, 552 : 

forrmila of (‘iirv(» of, 557, 551), 540, 
541, 515, 510 

in ficrowUi, 555, 557, 550, 542, 517, 
571 

origin of, 552, 555, 55S, 500 
m HysUaiiH, 550 

inhibit, iv(» factor in, 540 i 

itmUincu^H of, 105, 40({, 552 i 

of nnoloar HynthcHin, 520, 550 > 

of oxidation of 1inH(‘(»<l oil, 124 ' 

of piiHHagc of norvouH iinpulHi^H, 020 , 
AutocHtalyHt. level, 014, 018 

of nucU^ar Hynt-heHW, 550, 554, 558, 
500, 5f)l, 505 500, 575- 
577, 580, 588, 500, 501, 
007, 011 014, 017, 018,- 
022 

<‘lToct of in<T<«iH<* of, 570 
of rodiieiion of, in peri- , 
e(4Iular fluid, 580 | 

eudofi;enoUH origin of, 012 | 
imperil wability of kidney ' 
f<ir, 505 

Hhodding of, by miehaiH, 550, 505 
Autooatalytic reaction foi inula, 552 • 

Autocatalyssed reaetioiiH, 405, (120 i 

velocity of, 511 i 

AuIocokIh See Honnou<*H. i 

AutodcHtiruction of <»ni?yin(‘H, 475 | 

temperature-cotdficient of, 178* 
AutohydrolyHiH of proiciiiH, 145 
Autokinel.i(i phaHO of growth, 551, 548,' 
505, 504, 575, 500, 015, OH, 010 
AutolyHiH, 104, 515 
of brain, 215 

Autolyzo<l yeaHl., extnu't ol, 552 
AutoHtat.i(‘. pliiiHC of growtii, 551, 501, 
580, 500, 015, 014 
Avvna not nut, 482 481 
Avocado fat., 257 

Axolotl, abBor])(ion of gillH niduceil by 
t.hyroid, 420 


B 


IIaijoon, cryHtalhiie form of Inanoglohin 
of, 308 

litwiUm annnophdm iulvittirialiitj 205 
287 

coll commiiniSj 203, 558, 005 
jyrodigiosm^ 224, 235 
auhtilus, *350 
Bacon, digestion of, 274 
Boctena, 125, 500 

action of, on fats, 115 
aerobic, 488 

antagonistic action of salts upon, 359 
aut.ocat.alyHt shod by, 55 1 


liacUTia^ cultun* riuBlia for, 02 
d<*afntnizatit»n by, 205 
de(*iirbox.vlntion by, 202, 205 
d(H*oiiipoHititin «»f creatiiu'by mtcHti- 
nal, 055 

of cbiorophyi! by intcHtiiml, 40, 
80, 071 

digc^ticni of cellulont^ by, 251 
em»ct of, cm clioh*Ktc*rot, lOS, 1 12 
growth of, 551, 552, 55M, 511 
iiydrolyHiH of fiitn by, 121 
indticuicc* of age and iiiinaif culture^ 
on niu!tipIi<*n1tou of, 558 
intcHtinal, 88. 2(41. 272. 271, 155. 
575, (HMl 

dc»coinpoHt(ion of raOinoHc* by, SO 
digc^Ntion of c<41idcmi* by, 01 
production of inclbnne by, 017 
ijut redact ion due to, 002 
invaHion of c»orn4*u by, 005 
iiivcTluHc* in, 221 
lag-pf^rtod in cultun*H <»f, 555 
inetuboliHiii of, 710 
in milk, 40 

multiplication of, 550, 51s 
nitrifying, 27 
pcTiimability of, 2S7 
production of niiuni's l)\. 200 
of hihtaininc^ bv , 20S 
of tvrnmnic by, 20t» 
profc*olvtic c*nzvincM m, 255 
raflinosc* in. .SO 
in Kod, 710 

Hplittmgof prcMciim bv, 415 
Hvnibiotic relations <»1, 710 
utiU/iUtion (»f, in maiiuffif luo*. 707 
Buct(*iial (Miltur<*s, eiiipl(»Mnent ot Imliei 
Holutions lot, 501 
inf(»ction in rickets, 15 
population, dc'UMtv oi, 55s 
increase* ol, 550 


ptodii(*ts, goit<*r caused b\, 155 
Hpon*.M, p<»icentagc ot \\mIi*i hi, 27 s 
tranHiiiiShion ot, thioiigh spaec, 
51 I 515 , l.SS 

liacSeneidul sulistance in blood, 51 I 
Badger, uricolvtic nnlcv ol the, 05S 
Balanced salt Holutions, 550 
HatuHUH rhianvuii, 505 
Hurbm Jfutualilitif 28 1 
Barium (4iloride, Hen.siti/*ation of (*gg.M tt> 
mcnibraiK^-roninng ag<*nl in 
blood Hi*ra by, 51 I 
Hlimulation of iiiiiHcailar tiHHUc*s 
by, 554 

sallH, action of, on muNciilur tiHHUt*H, 
550 

caUiartic action of, 555 
coagulation of Ics4t1iin by, 128 
inUuonce of, upon perni(*ubilit y, 
302 


Barley flour, cfTcct on regcuierat ton of 
hemoglobin, 50 
iron in, 49 
pent.osans in, 75 



tHDBX OF 

Barley, proteins in, 140 
raffinoso in, 89 
seeds, thermal death of, 479 
Basal metabolism, 27, 690, 700, 702 

acceleration of, by fertilization, 
616, 617 

decrease of, with age, 697 
influence oi temperature upon, 
476 

ratio of, to surface, 698 
Basedow’s disease See Graves* disease. 
Bats, hibernating, 645 
Be^irs, duration of life of, 587 
Beef fat, properties of, 123 
Beeswax, 125 
Beet sugar, 31 

Beets, absence of water-soluble acces- 
sory from sugar, 604 
Bonzaklcliyde, 82, 98 

oyaiio-hydrm, synt.hosis of, by omul- 
Kiii, 244 

Benzainido, 329 
B<*nz(‘no, oxcrotion of, 71 

liornolyhiH indiKM^d by, 5()S 
ineiiibiano ioiination by, 50S 
<>\idatioii of, 453 
K'diiction ol IciikocytcH by, 3S0 
Ikaizidine t(‘Ht lor blood, 402 
Biaizoic acid, 32, 160, 594 

conjugation of with glycocoll, 
(M) t Sco also I Iippuric acid 
<l(*toxication of, by buds, 665 
citcct of, on nit.iogon out i)Ut,66f5 
in urine, 665 
BtMizojiyuIiuin, 100 
Ikaizopyroiu*, t)9 

B(‘n/j<)vl pcio\id<', oxidation of chob^s- 
t(»i<)l by. 111, 112 
Bciizvl alcohol, tiKi 
B<Mi/vl])licnvlhv<liaziiH', 62 
B(*ii-bcii, (»01, 6(K) S<*<* also Polyiuaiii- 

t l.s 

IhaiK'S, ant i.scoibiil !<• in, 607 
BcMvlliiiin <hl<)ii<l(‘, 4i(‘(‘<‘lfMai ion oi plio- 
toN\ nlluvsis by, 190 
Hita maniluun^ 83 
209 

Mclaincs, 2()S, 209, 605 
Bi<*aibona((\s in bloo<l, 302, 309, 310, 311 
<*onv<‘]sion oi, into caibonat<«s by 
hiMit, 282 

<li>s( ribution of, bctw<‘(Mi coipusclcs 
and i>lasina, 312 
<4irnination ol, 307 
prcscrvat.ion of neutrality by, 297, 
2<M), 300, 301, 301-306 
Bil<s 253 

of carmvoia, 260 
(?iiolest.erol in, 104, 107, 108, 015 
cIioIk; acid in the, 103 
coinnarativc choinistry of, 118 
(Mmilsification of fats by, 254 
<»x<T(4.ion of sulphur m, 660 
osmotic prosHuro of, 283 
pigiiKMits, 395 
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Bile, pigments, concretions in bile, 113 
detection of, 118 
relation of urmary pigments to, 
671 

solubility of cholesterol in, 114 
Bilep-acids, 669 

luminescence of, 469 
reactions of. 111 

Bile-salts, 104, 115, 116, 225, 253, 254, 
259 

absorption of, from intestine, 118 
concentration of, at surfaces, 319 
emulsificat-ion of cholesterol by, 
108 

of fats by, 126, 321 
hemolysis induced by, 508 
luminescence caused by, 469 
membrane formation by, 510 
Biliary concentrations, 113 
Bilirubin, 395 

relation of urinary pigments to, 671 
Biological individuality of blood, 396 
oiigin of, 368 

values of proteins, 692, 693 
Bioluniincsceuce, 468, 469, 706 
Bios, 559, 590, 591, 606 See also Auto- 
catalvht of nucleai synthesis 
association of, with lecithin, 612 
chemical natuie of, 560 
endogenous oiigin of, 611 
identity ol, with nucleai autoenta- 
lyst, 560 

influence of, upon yeast cultures, 007 
non-idcniily ol, with lecithin, 613 
presi*nce ol, in lec‘ithm, 013 
Biich tico, 82 

Buds, Ixxlily Icinpiu'tituic of, 232 
(‘lotlmg ol blood of, 383, 38 1 
cytolvtK* ag(‘nt m Idood ol, 510 
<l(4o\ication oi bt^nzoK* acul by, 665 
duialion ol lilc ol, 587 
<‘gg shell ol, 120 
Vlliiocyl(*M oi, 290 
cxciMoii ol tlic* iivci in, 619, 057 
omiioIk' i)n*s.siU(M)l bioixlMMii of, 283 
piodiiction ol line »icid in, 619, 657 
Biiolation, 77 Sct‘ also Miitaiotation 
Hiith, (‘aloiili(‘ output oi animals fioin, 
573 

degiei' ol diweloprnent at, 530 
weight, compaiisou of, with mcat- 
(xaiMimption, 689 
energy <*oiisinn(xl in doubling, 
701, 702 

1 elation of, to duiation of i>ieg- 
nanev, 423, 424 
vanahihty of, 422, 123 
Bismuth oxy(‘hloiide, 354 
Bisulphite, compound of, with furfuial, 
64 

Biuret, 137 

reaction, 136, 153, 157, 164, 216 
given by thrombin, 388 
I of protamines, 139 

' of protiCins, 137 
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Uiviiloiit. ioiiH, f»r, U|M»n |n»r- 

V, 

HiaHt.uK r>i7, r,i<). fii;{ 

Hl(««linjJ! S<H* IIc*in<>iTha#ic*. 

I flood, 2S, 15 

iilkiili <lt‘n<‘il in, .*f07 Soo alHO 
A(*i(lnsiH 

ox(!(*sH in, iftXi, If (17. Soo also 
AlkaloHiH. 

rc‘HorviM)f, ;i()2, If Hi, (172, (i7If 
in dinb(»tc*H, 45(i 
iillantoin in, (>5iS 

aniino-a(MclH in, 2(11 2(fS, 1175, (Ufl 
ammonia in, 1107, H75 
an1it.i*yi)HHi in, 215, 2l(i 
autonitalyHl. in, 5(15 
bonssidino b'Ht. Toi, 102 
bioarhonatoH in, IfOS If 11 
biolonioal individuality of thc», 119(5 
oalciiiin oonbuit. of, 4111 
oarbon <lic).\ido <'ont<mt. of, IfOIf, 1105, 
IlOK, 1110, nil, 40(5, 072 
dolioit. in, 110(5 
oxcoHH in, 1107 
(•arbonu*. ncnl in, 1105 
<4u*mi(*al d(4.o<*t ion ol, 401 
chloridoH III, 1110 

(4ioloHtorol in, 101, 107, 109, 110, 
25K, 259, 1175, 455, 157, (515 
OHtiorH in, (515 

(‘oaKulation <»f, 129, I III, 11711, 1171, 
1175, IlSl 

of InnlH*, IlSIl, IlSl 

inihtonco ot hiHtainnKMiiion, 207 

tiino of, nil 

conipoHit.ion o(, 11(5, IIS, 110, 10, 52, 
I17I1, 1175 

(*ytolytic njj;<‘ntH in, 510 
dc'cuimpoHition of hv<Iro>;(ui tmtoxhIc* 
by, 407 

d(»f(»nHO np;ninst. infi»<*lion piovid<»d 
by, in 

d(4il)iinat.c*(l, 1171 
diacotu* acnl in, 1107, 1011 
<4T<*ct. of adnaialino upon ulkahiio 
nw'rvo ol , U 1 

r4octncal conductivity of, 1171 
fat. Ill, 257, 25S, 455. jiIho 

biixunia 

froc^sing point, of, 1120 
kIuoohc m, 249, 2(57, 1120, 1175, I tO, 
464 

fClycioftcn in, 9(5, 97 
Kuaia(*onK5 (.c»Ht. ior, 402 
honiin t.(»Ht for, 10 1 
hydio> 5 on-ion <‘.onccnt.rat,ion of, II 10, 
8111 

hy<lrc)xyl)at.yn(^ acid in, 454 
hypnotoxin in, 0117 
mterohan|?o of ionn in, 35 
iodine in, 367 
lecithin in, 258, 259, 456 
maintenance of neutrality of, by 
erythrocytes, 344 


I Hlotxl in menstrual Ouitl, prevention of 
eoaKulation of, 121 
inetliyl-Kuamdim* ill, 210, t:i5, CIO 
iniiKTul eompOMition of, 1175 
luuitral fat in, 251 

neutrality of, 295, 29.S, 29!>, 1110, Hill 
iKUitrali/jiijii; powm* of proltMtis in, 310 
non-protein nttrofcen in, 2(51 
niteleiis in, 105 

nutrient U^'e! m, 2t50, 512, 515 
oHiuotK* pr<‘HHur(* of, 2S3, 375 
oxidation produets of e!ioh*Hterol in, 
113, 111 

peroxidase* m, 102, 1155 
phenols in tin*, (5(53 
phosphat(*s in. 25S, 30.S, 310 
plasma, anti|«**nn* proporties «»r, 399 
eultivatkiii or li-ssm* ec41s in, 
5(55 

protein (*otnpie\e.s in, 390, 100 
prole*iiis in, 2(57, 309, 375, (5(55 
prot<*os(*N in, 2(51 

renetion ol, 294, 297 299. 301, 305, 
330,3(55,375, 112, 430 Se<* 
also Illootl, n<*utialil\ ol , 
hydioKen-ion <*oneeiitrat ion 
in diabi'lie f*omn, 30S 
n»l<»aHi* of KliKMise (o tin*, 4 4.S 
respuatory finietion ol tin*, 2.*) 
H<*rum, (Mtiidilioa ol pto((*ite>i m, 1S(> 
<*V(olvtn‘ af 4 (*nt m, 515 
(linbsis ol, 1.S7 
globulin <*on((‘a( ol, 370, 3S0 
mliibition ol inemlaane loiinn 
( ion bv pioteins in, 5 1 I 
l<*ei(lio-prot*»m m, ISO 
nn*iiibiane-loimtnK a^U'iit in, 
.50(5,511 513. 515 
pioteins in, I. SO, 377, 3TS 
compl(*\<'s III, 3(»s, 370 
Irvp.sin m, 210 
sodium eompouinls in, 3()S 
Kolubililv of line Held in, 059, OtiO 
siM'cilic gravity <»l, 375 
KjM'cilieit V of, 102 
supply of osvKen lo the, tO<i, 107 
of an(e*rior lobe oi pitiutniv 
body, 5S(i 
of brain, (535 
ural(*H in, (5(51 
un»a in, 375, 379 
line a(*i<l m, (550 
volume ol tin*, (50S 
wn((*r-soIu!»le aee<*ss<»r.v m, (507 
Iil(M)d-plat(*I(*lH, 375, 3S3 
l(*eitho-proteinH m, 375 
Hloocl^>r<*SHiir(* in Addison's dis<»aM*, 412 
cfr<*ct of emolion upon, 412 
(dTects of thyroxin upon, 420 
fall of, in h1(*(»p, (535 
iiinucn<*o of adrmialinc upon, 213, 
214, 409, 410 

of aiuinoH upon, 205, 20(1, 213 
of diarninoH upon, 206 
of orgainine upon, 207 
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Blood-pressuie, influence of, on produc- 
tion of lymph, 402, 403 
Blood-sera, freezing point of, 25 

mineral constituents of, 291-293, 349 
osmotic pressure of, 384, 389 
Bloodvessels, constriction of, by adrena- 
lin, 410 

influence of ergamine upon, 207 
permeability of, 346, 403 
Bodily dimensions, attainable, 542, 544, 
545 

decrease of, duo to tethelin, 
623 

limitation of, 561 
heat, i)roduction of, 676 
lemporaturo, 232, 233, 646, 647 
subnormal in myxeilema, 425 
w(MgIit, inaintonanco of, on a diet 
lacking in lysine, 596 
Ho(lv-suifn<‘(», mcfnbolisin per unit of, 696 
Bodv-wiMglit, ratio ol biaiii wcught to, 587 
Boiling point, <‘l<wation ol, by <lissolv<‘d 
snbstanc(»s, 2S1, 2S2 
liofnnt^ ISO 

Bon(», (l('V(4(>pin(nit ol, H 

mill low, sv'iitlnssis ol Inunoglobin in, 
3<)6 

hiibstitut<‘ loi, 141 
Bones, calcification ol, 43 

chon<lroi(in-suli)luiuc acid in, 101 
(4T(‘ct of pnitiai excision ol the pitu- 
itary body upon giowth ol, 584 
fluorin<‘ in, 52 
gIycog(*n in, 96 
glow til ol, 10, 12, 581 
IinidiMimg o( ('piphvses ol, 117, 581 
infln<Mi<‘(' ol t<*th(4in on giowtii ol, 
623 

lo.ss oi weiglil ol, in si iii \ fit ion, 568 
n(M-e.ssil\ ol caliMiim loi giowth ol, 
502 

p.iili.il solution oi, by <'al<‘ium pi<'- 
( Ipltillll.s, .>53 


Brain, extract, acceleration of coagula- 
tion of blood by, 384 
galactose in, 87 
glucosides in, 100 
glycogen in, 96 

increase of acidity of, due to stimu- 
lation, 630, 631 
lecithin m, 128, 129 
percentage of water in, 278 
phospholipms in, 127 
proteins in, 140 
sphingomyelin in, 130 
tissue, putrefaction of, 212, 213 
weight, ratio of, to body w'oight, 5S7 
See Cophahzation factor, 
zinc m, 52 

Bran, addition of, to broad, 91 
Bread, 43, 603 

absence of cellulose from, 91, 92 
digestion of, 273 

effect on legenciation of hemoglobin, 
50 

iron m, 49 
nianiila<‘tuie of, 707 

Btig))t*s disease, 10() See also Nephii- 
tis 

British inlants, growth ol, 547 
Bi onuicet y Iglucosi^ 113 
Bromal, excietion of, 7L 
Bromehn, 233 

Bt online in cod-hvei oil, 123 
Biomis<)<‘ai)ionvl chloride, 155 
Bioinisocnpionivl-gl\ cyl, 156 
Bioncluol<*s, <*onslri(*li<)n ol, 307 

mlluenc(‘ ol (Mgiimiiie upon, 207 
BionchUis, stM’iim jiioliMns in, 379 
Biucinc, <omi)oun<ls oi, with dimi(‘h‘ 0 - 
lidh, 199, 2(M) 

Biiihn solutions, 3)01 
I BuIIks, st.nch m, 93 
I Bunsiui-Koscoc law, 27 

appln abilil V ol, to lu4iot lopisin 
I oi iininials, 185 


pt‘i c(*nt ag<* ol walei in, 278 
fuotiMiis in, 1 10 
n'p.Mii oi m]ni\ to, 135 
Bone acid, iiiMit liili/.nig powci ol, .100 
Boi ncol, c\<‘i el ion ol , 71 
Boin(\sit(\ 10.5 
Boioii, .31 I 

Bowman's (‘apsule, p(*i nu'jibilit y ol, 326, 

no, 1 18 

Bnt snlpaj 28 1 
Brain, 76, 82 

a(‘<aimiilation oi Inligui^-produets in 
tli(», 636, 637 
uutolysis oi, 213 
blooil supply ol, 635 
ei^phalm in, 129 
<‘(*rebi osidi's in, 101, 131 
(‘hloniH^ m, 213 

eonsuinjil.ion of oxygen by, 481 
copper in, 52 

ilisappoarance of fatigue-products 
from, during sleep, 638 


ol plants, INI 

Bui ns, (4 lei 1 ol , on sninjui'iijil coi lex, 109 
inic-acid output alt Cl, <>.56 
liiitt<*i, 13 

cllci'l ol, on I (‘gcuKMiil ion ol Iumuo- 
globin, .5t) 
iiitt Y iuads ill, 1 21 
lion in, 19 

I>ie\ention of lU’kcts by, ()()3 
substit utes loi , 2.57 
Biit.tci-iat , cidonfie vjihic ol, 678 

ini-soluble a(*e(*ssoi v' in, 1 1 , 601 , (>02, 
606 

liydioxybutyiK* a<*id deiivable fioin, 
' 158 ‘ 

hy])erplasia of thyroid caused by 
excess oi, 433 
propertiios oi, 123 
Butyl alcohol, 329 

excretion of, 71 

employment of, to isolate 
amino-aoids, 147 
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Butyl, fhlcjrul, i>f, 71, 7li 

Butylouo ()\i(l<^ kIiu*oh<*, S I 

niodifinition uF, in inh*H- 
tincs 151 
HiiKitrs, SO 

fonimfion of, fivirii «*thyl- 
(tllC <»\iclc‘ KUfCIU'H, lOJi 
III I>nf<(T-fat, I5S 

Biiiyru* 121 ^ ^ , 

of oxirlatioiiH in 
hy, 5 IS, 510 

inc‘inlmin<* fonnation hy, 505 ; 
5()S, 512 

oxidntion <»f, 157, 150, *100 

Biilyro-lMMnints 200, 210 


< aliuuni in nulrilion of iiiiirt*Ihilnr ., 111 - 
lunlH, 5o:{ 

outoiit III tinni*, (J, :{55 

rr({uirt*inont of, ilunni^ linMa- 

hoti, >1 1 

porlnfis 72, 72. 02 
|)hoH|>hati% n 
III lllllk, 10 

priripifiinlH, oITooIh of (*hn»na* ini£<\s- 
tnin <if. 252 

hyjXTirrOahilify miwiMl hy, ,251 
iiifluiMKW of, on mol {to V, *202 
itihihthon of rloHinK of hlood 
j»y, 2S| 

Mtiimilahon of muNflt* h\ , 251 
250 


(UintAOH, ahHonro of fat-Holuhl<» 

Hory in <0.iolnl(‘(l, 001 
axitiHrorl>uU(* in, OOS 
Clac^holot, 125 
C'aclH'xia Htruinipriva, 120 
(^luiayoruK*, 201, 200, 071) 

Cailiniiiin rlilorith', oonipounOs of jihoa- 
pholipiriH vvOti, 127 120 
HallH, inllii<*iio<* of, upon tKU*ni<*ahiI- 
itV, 

Hulpludo, 171 

(liifToir acal, o\i<Iation of, H>0 
Oaltaino, 102 

iK’tion of, 071 

Cya^abar boan, Hit.oHtoroI in, 1 1 1 
Claloificaiion of hon(»H, 12 
Oahmini, 40 

oarlamnlo, roiKTi'tiouh in hiK*. 112 
cascMnal o, 40 , 172 , IS 2 , 271 , 221 

coaKuIation ol, by alrotio], |S 5 
chlorI(lc^ aniaKoniain of Hodiiim < 4 ilo- 
ri<l(* l)v, 210 , 202 
(»ITo<‘t of <*onccnt ration of, on 
< 4 o(tin{j; of blood, 2 S 1 
on pormoabilily, 201 
HOiiHili/aition of oKgrt to inrni- 
hianp-lorming; nK<»iit in blood 
H<»ra iiy, 511 1 

solution, notation of (inh-o^a ' 
in, 200 

(‘onocnt-mtion of, in blood, 270 
condition of, in milk, 41 
content of incnatrual fluid, 120 
of tiaaiU'H, 52 , 421 

offeetH of removal of from tiaMUoa, 
250 , 252 

fflycicro-phoaphaio, 12S 
hydroxide, 42 

inhibition of rhythmic contrac- 
tions by, 352 

ions in clotting of milk, 271 

necessity of, for clotting of 
blood, 381, 382 
metabolism, 434 

necessity of, for growth of bone, 692 


<»f nerve (utiJingM m intes- 
tine liy. 115 
libera l»v, 425, Is I 
toleranc*!* to. 252 

aalta, action of, tm miiaeiilar liaaiies. 
255 

antugoniHin of rnethvl gnain 
dtiK* i)v, 210. 12f) 
of aodiinn aallM by, 251, 255 
in blood H(*riini, 2PI 
coagulation oMeeitiiin b> , I2S 
c<in version ol prothrt»ml»iri int<» 
thrombin liv, 2s2 
elTtad of lark of, on eaih de\«4- 
opnienl, 52t» 

ot hydroxy tatty aeiilM, b>(i 
influenci* of, ii[>on peiineahiiit \ , 

iKM'c^ssily of, HI (‘oagiilat ion ot 
hloinl, 2si, 2S7 
prexention ol iiaanhiane tomei 
Poll tine to sodium ion. j>\, 
5ir» 

remivlial arlion on l<4aii\, f.U 
in , 2P2 

siilplmh*, pioduetion of, a cminmi 
ons proi’ess, 52P 
ulih/atioii of. 1 1. 51) 

Idalf, oxygen consiunpta»n ol tin*, (»P.i 
] (\tNmfnra, ISO 
I CaHophont vtUosa, 251 
jdallns formation in injtireil hoiH«s. 125 
(lalopilic ecinilihniim, (is.s, t».Si), 002. 005 
intake, 502 

output. iSe<» ileat output 

of aniniala from hirtli, 572 
proportion of, denvaal Irom fats, 
4ti0 

(.0 surface of hcaly, 005 
repluceriuait of. 508 
valu(» of cod-livor oil, 123 
of <*x(*rcta, 578 
of fcxalH, 077, tl78 
of normiil <lii»t, 000 
of liaHUcH, doereasc of, In aturva- 
tiem, 570 
Camphor, 601 

decomposition products of. 117 
excretion of, 71 
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Camphor, excretion of glucuronic acid 
after administration of, 662 
Canalization in nervous system, 629, 636, 
037 jr , , , 

Cancer, 711 

acceleration of growth of, by choles- 
terol^ 614, 615 
ago of incidence of, 616 
antitrypsin in blood in, 246 
<ioath-rate, comparison of, with 
meat consumption, 689 
growth of, 267, 529, 562 
incidence of, in mice, 616 
influence of Iccithm upon growth of, 
614 

of tctholin upon growth of, 619 
necessity of lysine for growth of, 615 
Canii-HUgai, 41, 76, cS2, 88, 93, 97, 249, 
250, 286, 341. See also Saccha- 
rost' 

auto(‘at.alvsis of hydrolysis of, 495 
eulonfie valiH» of, <)7S 
<leiivn1ion of, from forinaUlehyde, 
101 

i41(M*t of, on seeietion of gastric 
271 

hv<liolvHis of, 218, 221, 225-228, 
235, 238, 211, 406, 532 
in leaves of snowdrop, 493 
mf.iodu<*tion of, to Kurope, 83 
pliof.<)synthesis of, 403 
s(‘gin<‘ntation of eggs caused by ad- 
< 111, ion of f,o sea-water, 503, 504 
sliuetiiio of, 84 
(.oltManee of dniheties for, 153 
(^ninabta aalivaj 130 
C 'aouf elioiK* S(‘(» India luhher 
( \i|)ill;mes, jmm nieahilif y ol, 31(), 103 
nlnh'lt'fs in, 375 

< 'npilinni V, ti'inpi'inf ui e-eo(*llirien< ol, 

2.{5 

<\*ipill.ii\ I oin<*t<‘i , 100 I 

loict's, (ilO S(M* also Sin f. ice ten- 

.SlOll 

( oxid.il ion of, 150 

( \ipi me, 1 IS 
( pi on* sckI, 1 21 

oxidation of, 150 
( "api vlie acid, 121 

oxidation of, 450 
nh'oliol, 320 
(\iiam<*l, 62 

(\uhamie acid, piodii<*lion of uiea from, 
65 1 

( Carbohydrate ijidi(*,al in nucleic acid, 620 
Carl)ohy<lrate-fix*e dud., glycosuiia on a, 
151 

CJarbohydrates, absorpt.ion of, 54, 256, 
260 

(^alonfic value of. (578 
(iliarach’risf.icH of, 5(i 
eoinbustion of, 409, 676, 083 
consumption of, 251 

during muscular exertion, 441, 
443, 645 
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Carbohydrates, derived from nucleic 
acid, 190 

from protein, 452, 462 
in diet of athletics, 444 
digestion of, 248 
effect of, on deaminization, 203 
of excess of, m diet, 606 
on regeneration of hemoglobin, 
50 

efficiency of muscular work on diet 
rich in, 445 

estimation of amount of burnt in 
body, 680, 681 
formation of fat from, 644 
heat of combustion of, 677 
mfluence of, on hydrolysis of pro- 
teins, 69 

upon yield of human protein, 
160 

intermediate metabolism of, 439 
isodynamic value of, 684 
metabolism of, 464 

disturbance of, following do- 
piival of water-soluble acces- 
sory, 606 

imiseiilar energy derived fiom, 439, 
494 

optical activity of, 488 
oxidation of, 446, 447, 455, 047, 654 
in diabetes, 454, 463 
phof-osynthosiR of, 483, 487, *193 
precipitation of, 97 
ladieal in iiu<*lei(* acid, 520 
leactions ol, 01 
lepla cement of, bv fals, 685 
lequiiement of, m diet, 593, 060 
lespiintoiy quotient- due to oxida- 
tion ol, 130, 115, (>13, (>U 
foleianc(‘ fm , 119 
utilization of, in iliabcte.s, 160 
by tissu(*s, 157 
C^'iibon bi, sulphide*, 321 

dioxide, 31, 33, 06, 282 

absoi pt ion-co(*fh(*u*iit. of, 301 
a(*(*uinulatiou ol, in susjiended 
bieafhing, 160, 107 
m alv(*(>lai an, 361 
ahsiiiiil.it lou ol, by jilants, 487- 
189, 193 

m blood, 362, 303, 305, 672 
eombiaation of, with homoglo- 
]>in, 310 

decompoMit.ion of sodium chlo- 
ruleby proteins and, 300 
dehcit in blood, 3(M5 
cflect of, on leaction of blood, 
299, 300 

elimination of, from lungs, 293, 
308, 411 

excess in blood, 307 
oxe-ietion of, 643 
forinatjou of foimaldehydc 
from, 489, 490 

influence of, upon reaction, 296, 
297 
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TM 

(tarl)t>n «ln»Mtir, lilM*ra<itni <>l, lit fonim- 
(Ktit of rn< <'ai*hoh.v- 

nc<'(*HHit,v of, for lifo, 31 1 
oil! pul, itifluanro of inustMilar 
work oit, lilis, 131), 
11)0, 015 

of loitipomluro upon, 
0 10 

p('niic*abilily of for, «3*Jt), 

tos 

prodiirlion of, l>y iiorvo lihorn, 
‘IS I, ior> 
from fiitH, 'IflO 
fnun kI**(»oh<s 71 
in larKt' *jr>2 

n*nioval «»f, from Iihhuoh, 014 
Htimulation of rospirutory ron- 
tt*r by. 331), lOS, 020 
(on!ponituiv-(*o<*<li<‘uuil <»f iihhi- 
milntion of, 1S2 
procluolion of, in Kor- 
iniimtion, 173 
louHion in alviMilar air, lOS 

ill hlooii, 300. 30S, 310.311 
niouoxido luunoKlolnii, 301, 302 

IKjiMoiun#?. laclir arid pr<Hlu(*- 
1 Kin 111, *1 10 

oxidaiion of, in foodalulTs, 013 I 
(InrbonaroouH wnslo-produolH, 013, 017 
CJiirbonaloH, of, from nuoloiw, 

200 

(unulHili<*n(ion of fats by, 2ol 
CJarlxuuc acid, 201 , 

III blood, 300 

coinhination ofchloropln 11 with, 
102 

cliHHociat ion constant <il,300 
iiciitralizinK po\v<T ol, 300 
pcrim'abilii V of I'clls bir, 321, ' 
320 ' I 

pioiluction of uroa Irom, 0r>0 
Holubiiitv ol, in li])oids, 330 
slunulalion of nsspiratorv c<»u- 
Icrbv, <131 
in tissues, 001 
(larlxminu'oUH era, 700 
(liirboKvl casein, 170 

dot'oniposition ol, OS ,Sec also 
Decarbovylution 
esiunat.ioii of, with lormalde- 
hvd{‘, 101 
in protein, I OS, ItiO 

(^arboxethyl-iUjrlyt'yl-leuemo ester, 151 
(iiirl)oxethyl-ja:lyc.vl-j?lyciiM* ester, 154 
C'anMiioina, (il 1 See also Caiu»er. 

abseneo of oxidalrion pro(luetj^ of 
cholesterol from blood in, 114 
ape of meidence in, 100 
ohoUssterol in, 107 
in blooil in, KM) 

inlhiomio of (sholestorol upon, 109, 
1 15 

occurrence of cholclithiasiH in con- 
jimotion with, 114 


< imbue iiiHiitcUon. teniptTHtuit^ lln'ient 

of aetivify of, 02s 

233 

(^nrnnuba palm, 120 
wav, 120 

Cfiriiifine, 210, 113 
^ Virmifi/vf, 2S3, 017, OoS, 001 
bile of, 200 
dislikf* of salt b> . 35 
(*uriiosine, 20S 

< *nrob tree, S2 

< "arotid artiM.v , lt)7, I7ti 
(*ttrotin, ! 10. 001, 002 

(’arrots, fat-soluble ueeessor.v in, 001 
iron in, 19 

water-soluble aeei*Hs*>ry in, tlOl 
('artiluKe, preiapitation of’uri<* aeid bv. 

0,51) 

sulpliur e«aiipountls in, OOO 
(Wtn. It), II. 17,53, 133. 131. III. 112. 

I5t), ins. 102, 27(1, 30S, 51)0, 005 
aetitui of reriiiitt upon. 3S 1 
ammo-a4'id fM»n}«tttiittoa of, 50s 
anliKenii* piftpeilies ol, 211, 371 
btolopical \alue of, 003 
<*alori!h» vnhn^(»t, ti7s 
earbo\>l unaips in, 170 
eoafnulnt ion 4»l, ls3 
<*oinianatioii of, with siImu mliatf\ 

ISO 

eoinptaimls of, wit it baM‘s. 173 
with <*Inp<Mue, Is5 
with foimahb'hv lie, 700 
with Kiubin, 15s, Ish 
with lieinoalobtii, ISO 
deanitni/,ed. 210 

delieu*nc\ ol e\sline m, 507, oOs 
dlfcestton ol, (0, 12 

h\ (*n*psin, 200, 11/ 
elTeel (4 reiuiin Upon, 2/1 
foiiiiate, eoay,ulMt loii ol, Isl 
precipitat ton ol , Isl 
flee aiiiino-^t'oups tii, 105 
fiCastne iligestion ol, 2/0 
fj;lyeoNuna on a diet ol, 151 
liydroehloiide, ISO 
hydrol>sis of, 221, 220. 235, 237. 

210. 213 

inhihition of menihraiie lornial ton 

by, nil 

uij(*elion of, into eireidatloii, 2t»l 
moleetilar weight ot, 100, l.sO 
iieutralixation of bases by, 100, 170 
pereentage of, in dilTerenl milks, 000 
precipitation <»f, IS I 
production <»f enuit tiiurm bv, onn 
rate of dissolving of, 030, tUO 
Holubifity cf» m formic acid, 1S3 
varieties tif, ISS 

(Jaseinates of alkaline c'lirths, 1S5 
coagulation ftf, IK3 
elect rolyU<4 <UHKoeiation of, 173 
hyclrol;yHis of, 22S 
procipit-aiion of, 183 
OaHcmogen. See Oaeoin, 
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CiiHior oil boans, HaiionificaUon of gly- 
ceride of ricmolcic acid 
m, 405 

toxic protein in, 144 
composition of, 124 
hydrolysis of, 532 
Castration, effects of, 417, 418 
Cat, composition of blood of, 376 
creatine in muscles of, 211 
dislike of salt by, 35 
duration of life of, 587 
energy consumed in doubling birth 
weight of, 702 

freezing-point of blood-serum of, 283 
loss of weight of tissues after death 
from starvation, 568 
precipitiin reaction with blood of, 369 
Horum proteins in, 378 
total caloiifio out put. <hning life, 573 
utilization of xylose by, 251 
Catalase, 1<)7 

Catalysis ol nuclear synthesis, 579 See 
also Autot'alalysi oi nucleai syn- 
1 Ihnsis 

in('(‘haiusin ol, 220 
C’silalvsl, <*<jnc(‘ntiation ol, 221 
(\ilalvz<‘i, <*oni[)ound ol, with substrate, 
220, 220, 229 

ioiining nu'inoiy-t races, 031 
n^ation ol vi^locity of leactum to 
mass ol, 511 

C uilalyz<*is, (»lf<‘ct ol, on ch(*iuical leac- 
lion foimuhe, 532 
of giovvlh, 537, 510, 54S, 5S0, 591, 
007 

(Ml<log<M10US, 590 
oiilicalh asvnunct lie, 57 
pio|)(Mti(\s ol , 220, 211, 009 
(\ilcchol, 21 1, 215, 100 

<lcnvali\es in M'a<*tal)h' 1 issue's, 100 
( 'iilanl • conlinclioii oi, w hen lieah'd, 1t)(), 
107 

( \‘i I hai ( ic .!( I ion oi c.istoi oil, 121 
oi colost I inn, 12 1 

( 'at hai i ICS, mode oi .iiMion oi s«ihn(', 352 
355 

Ihiisl cna.<‘odci <‘<l by, 275 
( \iulillo\\('i , biologK'al \»ilu(» ol pioti'iiis 
ol, 093 

(’<*cuin, e\ci(‘lion ol iron l>\, It), 17 
< \'liac (hsi'iisc, ()03 

<’<‘11 <*oininunil K'S, (‘('ssalion oi lepiodiu*- 
lion in, 502 

inlhu'iu'i' of imliK'iit I<'V<d on 
dimensions ol, 570 
ivpioduetion in, 5*18 
<‘ont<'nts, osmolK' jiressuie of, 285, 
287 

<liviHion, 5()t}, 511, 552^ 553, 555, 570 
{‘heiiiK^al nie(‘lianic,H of, 522-525 
frc'ipu'iiey of, 520, 5-18, 549, 550, 
575 

influence' of volume of culture 
niethum upon rate of, 556 
nuclear volume at, 553 
47 


Cell division, prevention of, by deprival 
of o^gen, 517 

redistribution of nuclear auto- 
catalyst at, 561, 577 
rejuvenation by, 566, 677 
temperature-coefficient of rate 
of; 477, 478 

multiplication, autocatalyst of See 
Autocatalyst of nuclear synthesis, 
surface, increase of, m development 
of, 519 

wall in plants, 285 
Cellase, 86 

Cellobiose, 86 See also Cellose. 

Cellose, 86 

derived from cellulose, 91 
relationship of, to lactose, 88 
Cells, contiguity of resulting in mutual 
acceleration of multiplication 
See Allelocatalytic effect 
growth of individual, 552 
limitation of growth due to contigu- 
ity of, 563 
lil>oi<ls m, 321 

multi])li(‘ation of, 539 See also 
Cell tliviHion, Multiplicative 1 ate 
permeability of, 339, 345, 346 
rate of multiph<*at.ian in blood 
plasma, 565 

striK'ture ol suiface of, 327 
suilacc of, 324 

Cellular tissue's, piopoition of, in body, 
697 

C^'lliiloid, substitutes toi, 141, 709 
CJi'llulose, 5(h 86, 90, 91, 285, 288 

('ontuliiition ol, to bulk of ieees, (>91 
<lig<‘stiou ol, 91, 251 
hydiolysis oi, 91 
solvenls loi, 91 

(^'iitrnl neivous system See Ni'ivous 
systi'iii 

(’t'litiosonK's, 522 
(Vphalm, 129, 113, 212 

aei'i'U'iai ion ol clotting ol blood by, 
383 3SS 

in nn'iistiual (hud, 121 
in ncivous lissiu', (>15 
pt('scn(‘(' ol, in iinpuic h'l'ilhm, 612 
pinification oi, 1 29 

(’('plializalion-iai'toi, K'lationship oi, 1o 
longevity, 587 
f V/;/#a/o/W«, 285, 409, 406 
CJereals, water-soluble acct'ssoiy m, 604 
Cen'bellum, stunulat.ion of, by citrate's, 
352, 353 

Ccrt'bral e'ortox, elise'ngageme'iit of heat 
eluc to cxe'itat.ion of, 628 
infhu'iK'e of crc'atme upon, 21 1 
Hl.iniulation ol, by cK'utiiie, 435 
CeuTbronic acid, 101 
Ce*r('brosides, 7(), 100, 131, 213 
Cerebrospinal fluid, cholmei m, 213 
nypnotoxin in, (537 
Ceriodaiihrna^ 47 
(Urna gigas, 284 
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(WoHin, 1)1 < 

(Vniiiin HiilfH, influence of, upon iw^riiuMi- 
biliiy, ;j<i2 < 

CMyl nl(?ohol, lumiric»H(H»nc*<» of, 101) 

pahniiin anici oKl(^r, rjr», 250 
ChiimydtmonaH jmiJormiH^ 4H4 
Cham, 501 

(lliaruoU^riasaiion of protcuiw, 151) , 

Charax puntazzo, 284 

CUarooal, adworption of )>y, 225 ( 

of wntc*r Holu)>lo iu*<*<*HHc»ry by, '■ 
004 , . . 

Chau vail t’H c«ritorion for Iho roj<»rt.ion of . 

(sxtronio variciioH, 480 
COiooHO, iron in, 41) ' 

xnannfa(0.iir(^ of, 707 ^ ^ ^ ! 

Chornical correlation of bodily iu*tiviti(*H, , 
378 

of roHpiraiory aclivitioH, 405 f 

roactioriH, influcri(‘.c of b»!«pt*raturt* 
upon, 235, 471 *l 

CJhorrioH, 1)8 ' 

(/hcrrynutoncH, 82 

Children, creatinuria in, 211, 418, 054 , 

oxponditurci of oiierj^y in of, 

701 


hlotino, reiiuiromiMd of, to iiiaintain 
M;ro>ith, 51)2 

idorofortn, I'lTert of, on M**nirn lu'oioin 
ratio, 380 

oiiiulHif teat ion <»f, 323 
influence of, upon |«»r«H*nbilily, ;3il 
lumiiieNctatei* eitUHcd by, 101) * 
ineinbraite forntution by, 50S 
neeroHiH of livei, 38 1, 388. 001, 003 
'hloropliyll, 31)5, 183, 4S7, 188. tioo, ooi 
eouHt tint ton (»f, 11)2 
elecoiiip«»Nttion of, by intissf uml l»jic- 
teriii, 81) 

derivation of uro(4ironie from, <i7l 
omiMHioii of infra-mi radiatiotiH bv. 
101 

photoKynth««HiH f»f ni(r<»Kenouh com- 
IKittndH l>y. 41) 1 

pitot oHynthet it* act hut of, ISO ID I 
r)olvnt<*ri9«ation of fornialdehv<)e b\, 
11)2 ^ ‘ » 
relntionHliip (»f, to hemal tn, 3D0 
UtloropiaKfH, ISD, IDO 
( ')t)c»roNtH, 7 ! I 
'holatfOKUCH, ns 

'holehthiaMm, 1 13. See al*»o ( i.mII .stones 


Krowllt of, 27, 528 
nutrition of, 008, 700 
Chnnpanssee, luck of urieolyHtH in tinau<»H 
of, 058 

prcciiiitiit rcuetioii with blood of, 301) 
Chiiu'Hc wax, 1 25 \ 

Ohti-in, 73 

hyelrolyniH of, D7 
Ohitofiaiuinc, 73, D7, 102 
ChitoHanB, 1)7 
Chlora<‘etyl chloride*. 155 
Chlorucctyl-Klycyl-Kly <nu<», 1 55 
enter, 155 

Chloral hydnilo, 321) 

excretion of, 71, 72 I 

influence of, on permeabtlit v, ’ 
301 

on production of pancreatic ' 
juice, 415 I 

reverHiil of <‘arly HtaK(*H of <levt*U • 
opxueut by, 517 j 

ChloraU'H, action of, on heino)i;lobiii, 3D1 1 
ChlondoK, abKcnco of, from nueleuH, 21)0 > 
arrcBt of excr(‘t.ion of, on <*.hlori<le- 
froo diet, 502 
in blood and tissucH, 52 
concentration of, in blood, 310, 370 
difltributioii of, between <iorpUH(‘leH 
and plaHina, 310, 312, 313 
effect of, on diastaHo, 411 
necessity of, for unicellular animala, 
503 

production of hydrochloriis acid 
from, 366 
of proteins, 172 
in urine, ^672 
Chlorine, 35, 52 

ions, diffusion of, out of erythro- 
cytes, 1.3 12 


/y-Cholc*HtnnoI, l!2 
f'holcHterol, 52, 103 
abhorpfmn oi, 2«VJ 

aeef4<*tattnti ol drouth <»{ e.itieer b\ , 
115, 01 1, 015 

ueeiimulal ion ot, in old aae, lOD, tilti 
in Idood, 258, 25D, 375, :j7h. 155, 157 
m c<m1-Iivct oil, 123 
eompoundH of. with snponm DO 
m ti.ssues, 101 
eonteiit <»f tissues, 0H» 

<liHtril>uti<»n of, to tiasucs, 017 
eiuulsilmtuliU of, 115, 0lf» 
emiilHiiicat ion o{, b\ lecithin. 1)12 
ewlerHol, 111, 121, 255, 25D 
in blood, lOD, 015 
Holubihty ol, 1 15 
m HUprnienal coilev, lOD 
excn4ion of, IDS, 015 
^lueoHides of, 113 
in fatty ilepf>sils, 015 
inOueiHM' of, upiui );r«>\\lb, lOD, 5si», 
017 

upon mult ipliciit ion iat«* ol 
010 OlS 

hnnin(*HC(*nc<* of, 40D 
oleate, 114 
origin of, 111, 258 
oxidation of, 111, 112 

produelH of, in bhtod, ] 1 1 
pahnitate, 114 

priHluction of, from phytosterol, 1 10 

r<*uctionK of. 1 10 

reduction or, by bacft*ria, 112 

rclationHliip of cholii* acid lo, 117 

solubility of, 108 

stearate, 114 

stones in bile, 1 13 

structure of, 107 



INDEX OF SUBJECTS 


739 


Cholesterol, vcf^ctable origin of, 618 
Cholesierol-tnol, 113 
Cholesteryl acetate, 616 
chloride, 616 

Qj-Cholesteryl oxide, 112, 113 
Cholic acid, 103, 104, 115, 116, 118, 669! 
origin of. 111 

relationship of, to cholesterol, 108, 1 
113, 117 

Choline, 126, 130, 204, 212, 213, 258, 614 
derived from jcconn, 131 
division of oil drops caused by, 524 
function of, in cell division, 525 
olcatc, 524 

Chondroitm-sulphuric acid, 73, 101, 142, 
670 

precipitation of proteins by, 135 
OhondrojirotcinH, 142 ; 

Ohondronainmc, 73, 74, 102 
Chorion, 410, 565, 613 
Cilioitohtoiol, 112 
<3hroin«tin, nucleic acid in, 201 
Chiornogomc substance in the supia- 
ivnal gland, 214 
Cliroinoprotoms, 138, 142 
(^hvlc, 255 
(ill vino, 248 

diHohaigo of, into intestmo, 413, 414 
mixture of, with pancreatic juice, 416 
ChymoHin S<‘e Keiinin 
ChcadaH, production of waxes by, 125 
C^'icatiizai.ion, 565 See also Healing of 
wounds, UcgciHuat ion 
(iid<»r, ciuafivc action of, in scuivy, 
()()7 

('iliiiiy inof.ion, 5t)l 

( ^tnciioniiK*, effect of, on inuM'le-toiiUK, 
117 

< ^ipolliiui’.s l(*sl ioi Migais, 72 
( 'iKMiint iiig iiumIi.i, <Mn])lo\ inent of bufici 
.soltii ions ioi , 301 

('iMiilnlion in mipMioi 1 oIm‘ oi pitiiitaiv 
bodN , 5S() 
in Innin, (>35 

iiiMiiit('nanc(* oi, in ,sI(M‘p, (>36 
( *11 (‘iilnioi \ s>sl(‘ni, cfi(Mni(\Ml icgiil.ifion 
oi. lOO 

( *11 I llOMM Ol llVtM , (> 10 
(*itia(<*H, II 

calhailK* aciioii of, 352, 351 
<41c<*fH ol iii](M*tion ol, 352 
pK'vcntion oi <‘lotting oi l)Ioo<t by, 
3S1 

rfiyfiiniK* contiactioii of inusclo 
<*ausc<l by, 350 

stiiniilation of <'.cieh<»IIuin by, 353 
tolerance to, 353 
(hi lie. acid, 46(» 

(7<i/>/cc« purpmra, 20<S 
(ricavage cells, fusion of, 526 

w^iaratioii of, early, 525, 526 
(Vvmmya marmomla, 474 
Climate, Iropieal, 647 
Clothing, influence of, on heat output, 
699 


Clotting of blood. See Blood, coagula- 
tion of 

Clover, fat-soluble accesso:^ in, 601 
Clupeine, compound of, with other pro- 
teins, 185 

Coagulated proteins, 137, 144 
Coagulating agents, effect of, on surface 
layer of cells, 331 

Coagulation of blood, 143, 374, 375, 381. 

See also Blood, coagulation 
of. 

influence of histamine upon, 207 
in menstrual fluid, prevention 
of, 421 

of casein formate, 184 
of cobalt caseinate, 183 
of electro-negative protein, 182 
by heavy metal salts, 349 
of muscle plasma, 447 
of ovomucoid, 184 
of protein, 134, 173, 174, 180, 181, 
184, 186, 342, 343, 346 
by heat, 282 
jollies, 336 

temporature-coofhcioiii of, 479 
leactions for piotcin, 135 
tempeiaturo of, 233 
Coagulation-tune of blood, 413 
Coagulativo powci of salts, 180, 181 
Goal, 706 

storage of energy ui, 32 
Cobalt casemate, coagulation of, 183 
chloride, 182 

dehydiation ol, 183 
salts, jnfiucncc of, upon permeabil- 
ity, 362 

Ch>!>ia venom, hemolysis by, 129 
(Jochincal mdicaloi, 551 
(Jocks, clicct ot <‘astiation ol, 117 
hcn-lcatlH‘icd, 120 
(*o<l, <*oiniK>sit ion ol blood oi, 291 
(Jod-liV(*i oil, 13, 25(> 

cliol(*sb*i<>l in, 107 
coinposition ol, 123 
lnt-solubh‘ accchsoiv in, <>()! 
propcu'lics ol, 123 
]i>du(‘ti(>n ol hypciplasia ol 
ttivioal b\ , 133 

remedial elleetol, m iiekets, ()03 
CJo-<»njci(‘nli ol distiibulion, (>30 
ol filiation, 125 
(UH’lvnlvtaUij 285 
Coonzyines, 225, 236 
of poroxidase, 467 
of zymase, 101 

Cohesive jiropeities of protein, 400 
Cohune oil, 257 

Cold-blooded animals S<»o Ihiikilothei- 
mal anunals 
Collagen, 140 
Collodion, gels of, 334 
Colloid content of thyroitl, 432 
Colloid-nch phaso in jellies, 337 
Colloidal constit-ueiits of protoplasm, 
319, 348 
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Colloidal, hydra(<‘, amdoratiou of 

photoHynUM'MiK by, 41H) 

TtuHlia, oxt.ratdJon of muIwOiiuhw 
from, (MO 

CoIlotdB, acoumiilaiion of, in ndlH with 
a«o, 571 

oUwtnnil <'.hur|co of, 17(1 
(dcri.r(>-no«ativ(s 17*1 170 
(dcciro-poHit-ivo, 175, 175 
oxlrarfcion of, from rolloidal imMiin, 
040 

tflaascw communiraicnl by, 700 
uihibition of nuanbram^ formal ion 
by, 514 

OHinoUc pnwHUn* of, IMO 
phyaical proporticH <»f, 00 
Color roactioiiH of i)rot<nnM, 105 
Color-blindnoHH, inncritanoo of, 585 
ColoHtniin, oathartio action of, 424 
cotnpoHltion of, 424 
contniotionn of ntorun ranwHl by, 4 24 
globulin in, ISO, 5S0 
CoitMium, 550 

Colupinar opitliolium, porinoabihty of, 

;m 

Coma, 305. Hoo alno l)iab<4io coma. ^ 

(jombing mptwul.y of cawm for banoH, 
159, l7() I 

of (IcaminirAMl gelatin, 171 < 

CombiiHtiou in animal bo<Iy, 575 

of foodHtuffH, 570, 583 ' 

boats of. Sec ( lalonlie valiums. 
Composition of blood, 375 

of ouvironment., 34S j 

Compoumi proteins, 370 i 

Concentration of environment, 348 | 

ComTotions, biliary, 113 1 

Conduction in cc*ntral nervous Hvslem, i 
facilitation of, 520 
in nerve ecdls, (<»nip<'niturc c»oe5i- 
cient. of, 52S 
fibcTH, 52S 

te.mperatun»-<»o<4!iei(*nt. of, 
52S 

of stimuli, influence of calcium upon, 
352 

through the mUH<'b» fiixu*, 500 
(/ondueUvily of lilood, 374 

cfTect of (emp<»ra(urc upon <»lec(rical, 
472 

infiuence of viscosity upon, 333 
of inorganic salts m jellies, 332 
in living tiSHues, 330, 350, 351 
of protein solutions, 332 
of solutions of sodium easoinate, 
333 

Configuration of sugar molecule*, 75 
Conifers, csycloses in needles of, 107 
Conjugated excreta, 551, 553 
proteins, 141, 190 
sulphates in urine, 558 
Conjugation, offeot of, on reproductive, 
rate of tn/wsona, 649, 660, 574 
of tn/usanaf 575 
of phenols, 663 


(Niniiective tissue, disproporfionate 
growth of. m myu'demn, 580 
fat in, 257 

{ dyeof^eri m, 95 
ecitbin in, 321 

proportion of gelnttii tienved 
from, 133 

proteiiiH of, 131, 110, 257, 258 
syntlieHiH of pndeitis <if, 57S 
< ^inseiouhness, 535, 037. 583 
Ihdd of, 535 

<%iiiHc*rva1ion of energy, applieubdity of 
law of, to living organtHinH, 075, 
575, 079 

of mnttf*r, applienbility of law c»f, to 
living organisms, 32, 075, 577 
<%>nsisteney of protoplnsiii. 319 
< Contiguity of eells, limitation of growth 
due* to. 503 

mutually ae<*elerafive idTeet of, 
on mullipheatmn St*4* Ath*- 
locatalytic <4Te«*t 

CCimtrnetile tissm*, 351. Si*e also .\1un<mi- 
lar tiHsia* 

»f ealentiti upon, 


j < 'out met ion, mfltieiiet 
I 352 

of musch*. t»32 

I changes of suifiiee (eieuoti diir 

< mg, I9S 

iniluetic(M»r HaltH upon. 319 
' m<*cbamstn ot, 500, .VM 

('ookiiig, elTe<*t of, on ant isc’f»rbut ic, 507 
( 'ourdinat ion of muscutui fiiu\eni<*ii(, 032 
j ( Copper, 52 

I net ton on <lr\itig (mN, 121 

I eonteiit of liemor\nnm, 390 

1 fc*rro-e>annle, 279 

111 i>ho(ogi»niii, I5S 

sulfihate, combination ot egg jiltni- 
niinnte with, ISO 
toNH’itv ot saltN ot , 319, 

C 'oprostiM’ol, I OS, in 
('orals, growth oi, 5t»3 
('otiiineal, biological value 
of. 593 
iron in, 19 

(’orpora lut(*a. r<»rination *5, 
relation ot, l< 
cent a, t2I 

stimulation of growth 
cell tie by, 5S0 
(Corrosion of t issues liy salth ot non, iss 
(Corrosive sublimate. See .Menniric clilo- 
rid<*. 

Cortical layer of eells. Sc*e Siirfat*<» of 
cells. 

Cosmic (lust, transmisHiou of sisires of, 
314 

Costocliondral jiinctioiiH, (*iiliirg(*ment of, 
after deprivnl of fat-sol- 
ul>l(» a(*e<^SHory, 593 
in rickets, 43 
Cotton-+ieed oil, 43 

oomposition of, 124 
provontion of rickets by, 503 


3li7 

ot pioteins 
121) 

growth ot pla- 
o( pla- 
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Cotton -sood oil, i)roportics of, 123 
(3ow, (‘oinpoHition of milk of, 699 
tliftorttion of collulose by, 91 
orioisy (ioiiHumcd in doubling birth 
weight of, 702 

extirpation of mammary glands of, 
250 

growth of dairy, 535 
total calorific output during life, 573 
uricolytic index of, 658 
Coyote, uricolytic index of, 658 
Crab meat, biological value of proteins 
of, 693 

Crayfish extract, influence on production 
of lymph, 403 
Cream, 257 

fat.-soluble ai^cessory in, 602 
Ci(\at.ine, 208, 209, 210, 443, 652 

conveiHion of, inU) creatinine, 212 
estimation of, in urine, 655 
fate of admin 1 st . 01 ed, 653 
metabolism of, 435 ! 

ill muscular tissue, 211, 447, 652 
stimulat ion ot ceiebral cort.ex by,435 
of nerv<‘ <‘ells by, 182 
Ciea.t.in<^inia iollowing depiival of water- 
soluble ae(*i»ssoiy, 606 
C^reat.inme, 211 

ealoiifu* value of, 678 
estimation ot, m utme, 655 
mfliK^nec' of Ixmasoic acid on output 
ol, 665 

output oi, 652, ()<)1 

<lui mg p(‘i loi nuinc(» ol inusculai 
work, 1 12 

influ(Mi<‘(' oi mositol on, 100 
M'lat lonship ol, to piotian in- 
653, <>()S 

pi oduct ion oi, iiom cK'aiiiKS 212 
piopci t i(‘s ()I, 655 

pio]>oitioii oi, III total rut logiMioiis 
output, t>52 

(’nailimiiia, 211, IIS, 135, 151, 155 
( "/( mhth) IIS 28 I 

<'i(‘<Ksote, iiKMiilnaiK* loimaiioii bv, 508 
(^t ( pttifhr, 553 
('i(\soI .sulpliuiK* acid, 6t)3 
( /letiiiisni, 125, 71 1 
origin ot, 131 

C'ritical alkalinity for t.iypsin, 237 
(kossmg-ovei of s(*coiidarv s(‘\ual chai- 
actcTS, 120 

(Vow, duration of life of, 587 
(V uri fcnr.t 98 

(^rusfaeva, 52, 112, 285, 202, 390, 431, 
174, 475, 484, 521 
exoHk(*let.()n of, 73, 97 
CryoH(‘opic rnet.hoil of measuring osmotie 
pri'SHure, 282 

(Vystal forms of amino-acuds, 151 
of hemoglobin, 396-401 
habit in, 397, 400 
m^luen<^o of ro-cryHt.alli7ia- 
tion upon, 401 
(Vystalline ]>roU4iiH, 134 


Crystallmo serum albumin, 377 
Crystallization of hemoglobin, 396, 397 
influence of medium in which 
crystals are formed upon, 401 
Culture media, 92 
Cuorm, 130, 384 

inhibition of clotting of blood by, 389 
Cupassu fat, 257 

Cupric bromide, dehydration of, 182 
caseinate, coagulation of, 183 
chloride, 182 

dehydration of, 183 
effect of, on permeability, 331 
hydroxide, compound of, with edes- 
tin, 170 

oxide, reduction of, by sugars, 61, 82 
sulphate, precipitation of protein by, 


Curare, 210, 350, 477, 631 

influence of, upon nerve-endings, 209 
on production of lymph, 403 
Cyanic acid, 651 

Cyanides, arrest of oxidation in the fertil- 
ized egg by, 619 
prevention of cell division by, 517 
stoppage of oxidations by, 569 
Cyanosis, 307 
Cyclamen, 98 
Cyclamin, 99 
Cycles of learning, 635 

of growth, 635 See also Giowth. 
Ctfclodna gigaa, 646 

Cyclop(Min fishes, artifii^ial production of, 
526 


Cyclops, 431 
encloses, 103, 105 
in iishos, 106 
Cypndma, 468 
(*upi i n us < <n pio, 28 4 
CvstKlmc, 195 

(Vslme, 53, 140, 146-148, 150, 152, 157, 
158, 162, 205, 264, 467, 594, 595, 
685, ()S(> 

<k4iciencv ol, m casein, 597, 598, 599 
deiivation ot tauriiio iioin, 669 
<leriv(*<l irom keratin, 267 
<let(>\ientii)n oi ultraviolet light by 
solutions of, 487 

<lipei)ti(l oi, with glutamic acid See 
Gluiatliionc 


effect of, on hisknminc pioduelion, 
203 

estimation of, 159, ICO 
glutamic acid di])cptid See CJluta- 
thione 

production of creatmuria by, 655 
of sulphates from, 669 
Cystinuiia, 206, 670 

Cytolysis of eggs induced by saponms, 
509 

inhibition of, by colloids, 514 
relationship of, to membrane forma- 
tion, 515, 518 

succeeding membrane formation, 
508, 510, 512, 513, 516 
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( tytolyt.ic* hkohI. in blood H<*ruiii, 510, 515 
ill Hporinuto/ioa, 512 

-HiO 

(»lWt of, on c'KgH, 510 
fat. disHoIvinjj; <*Iiam<*(or of, 510 
inoinbrano formal ion l>v, 500 
(iVtoplaHm, (lopcnilonco of, on nuclouH, 
50«, 500 

diHtrihul.ion of autocal iilywi bolwcon 
nucdouH and, 550 
tfrowUi of, 510, 5511 555 
iHHtianco of aulcx'alalyat of nuoioitri 
HynihoHiK from 555 | 

ratio of nuclonr Kw>wlh to growl It 
of, 501 

(JytOHino, lOK 102. 105, 200, 201 
niononiKilootHlH, lOK 
(1 VtOBmo-urnc.il <linuc*lcolid, 200 
(Vv<.05!ymo, 287, 2SS 


B 

Dauuah, 70 

iiwiUn in, 04, 452 
Dainbonito, 105 
DatOH, iron in, 48, 40 
I)oamuuy.alion, 152, 202, 202, 205, 200, 
208, 200, 420, 422. 425, 102. 517,1 
540, 504, 500, 050, 052 051. 001, j 
005, 070, 088 

of aclonim*, 100, 251 i 

of alanine, 410 
eatalywH of, by t.liyroxin, 128 
in 200 

I>eammi«e<l caHoin, 210 
gelatin, 171 
jtroleinrt, 127 

Dc^atb due to inunilion, 508 
to Heiic»HC(‘nc(‘, 572 
1.0 Htarvat.ion, 5(50 

Death-rate, (wtmpanscm of, with nioal 
con«um[)tion, OSO 

Decarboxylation, 08, 72, 202, 202, 205, 
208, 415, 517, 572, 000, 070 
Deer, duration of life of, 587 
fondiH'SH of, for Halt, 25 
Defibnnated blood, 274 
Degcuorat.ion, <‘hang<‘H in medullary 
HlieatliH in, 1 15 

Dehydiation of protiOiiiH, 174, 181, 182, 
184, 242, 242, 245 
Delivery, croatiimria after, 211, 654 
determination of moment of, 422 
Dendrites, 027 
Dendroatoma, 510, 511 
Density of population, 480, 538 

effect of, on reproductive rat^, 
575 

maximum atfainablo, 548, 501, 
502, 560 

Dentine-formation in tootl^ 435 
Depanereatization, 450. See also Pan- 
creas, effects of removal of. 
oxidation of fats after, 459 


FiUHJm’TS 


I>i*puU(*reH(i 9 !<Hi dogs, Mtcirnge of glyco- 
gen by, 452 

D{*polyni4*ri/.af ton of prtdctn, 212 
DfttrcHHor HubHtanct^N iti tisHiie <*\triif*tH, 
019 

I)f>t4cration, rcHiwmw* «*f HporoH to, 215 
I >oHoxy cholic ncbl, 1 IS 
Detoxication of bcimiic acid by birdH.005 
of t<i\ic ageutH by liver, tlb2 
1 )cutcro-aIbumoH«% 185 

coiii]>otintI of, with globtn, ISO 
1 )fui t <‘r< >-| >rol (M 1 4 2 

Development. chc*nticat phcnonicnii in 
early, 502 

degree of, nt birth, 520 
tlepeiidencf» of, nptai tiHHUe o\ida- 
tioiw, 477 

dtHappearunct* of lecithin in. 128, .521 
effeet of thyroid ndiiiiniHtration 
upon, 429 

<»f cmhryciH, 421, 422 
factorw tictcrniining. 2ti0 
of fertilizcMi cggM, 525 
of tiwli eggHi 256 

infliifaice of lecithin upon. 259. (il2 
hiniting fact ora in. 590 
of ncrvotiH Hystcin, 58tl 

tclatton.sinp c»f. to duntain 
of lib*, 5SS 
of ovum, 565 

Htiiinilation of. hv f4*i tili/ation. 
571 

proportional, of tiHMicH, no 
rat(* of production of nuclei in, .>52 
r(*Hpiratoiv cpioticnt diinrig. .">21 
retardation of, bv lacU of l\sm<‘, 57 * 
icviTHion of, (>12 

bv <l<*pnva!ion of o\Ngcn. 517 
oi Hcn urchin, 612 

ol H<*condarv Hc\ual chai:i<*f<M s, 
cndoci lilt* contiol ol. 
570 

inniiencc ol pinc:d 
gland upon. 5s<t 

HtawH of, .529 

Htnnulation of, bv zncinbianc lorniM 
tion, 516 

t(*tnp(*raturc-coenicicnt of, 47tl, 177, 
479, ISO 

m Vzin t' Hoff's solution, 520 
variation of znicl(*o-cytoplasiinc ratio 
during, 551 
Dt'xtrin. 90. 145, 709 
Dextrins <lerivo(l from glycngcm. 95 
from Hiareh, 94 

Diahotos, 75, 76, 447, 448, 451, 452, 156, 
457, 460, 464, <116, 667, 68 1. 695, 
711 

aeiclosis in, 298, 267 
Alien tretitnumt of, 54 
com{)OHition of urine in, 454 
estimation of ketogonic-ant iket o- 
genic ratio in, 644 
excretion of laetio acid in, 647 
of oxalic acid in, 647 
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Dial)ctos^ increano of cholesterol in blood 
in, 016 

insipidus, 106, 671 
lijiemia in, 257, 258 
origin of, 450, 463 
oxidation of fats in, 459 
serum proteins in, 379 
utilization of rhamnose in, 251 
Diabetic coma, 454-457 

reaction of blood in, 298, 308 
puncture, 449 

Dia<^otlc acid in blood, 307, 463 

derivable from protein, 461 
oxidation of, 461 
production of, 457, 459, 460,463 
m urine, 454 See also Keto> 
nuria. 

Diacotyl, 212 
Dialanyl-cystino, 239 
Dialysis oi blootl serum, 187 
Dianiiiios, 206 
Diainiiio-acids, 150 

(loroin position of, in body, 436 
pro<‘ipiULtion of, by phosphotungstic 
aoi<l, l‘l(» 

in piotammes, 139, 267 
s<;paintion of, 147, 159 
a-co-Diaimiio<‘aproic acid, 149 See also 
Lysine 

DiaininotiioKydcodecanic acid, 147 
I )iaininovaIc»i lo acMd Soo Oi nithmo 

Diaiihiagin, icspiiaioiy niovcinonls of, 
105 

I)iasfiis<', ‘12, 85, 223, 248 

<‘IT(*(*t of a<li(Mi:ilino upon, 430 
hydrolysis of staich by, 228 
in livi'i ,111 

cll(*(‘f of a<b<‘nalinc upon, 112 
in paiK K'as, 2 19, If) t 
KSMi’l i\ at ion ol lu'at ina<‘tivatc<l, 
231 

111 saliva, 90, 111 
svnllH‘li(‘ action oi, 212 
I )ia/i<) M'acf ION, 216 
1 )ia/a)I >cn/aMi(^ siilphonn' acad, 216 
1 )ibioinin(ligo, 192 
1 )ibi oinovaliM vl cliloiali*, 155 
1 )icail>o\vlic mads, 112, 169, 170 
I )iclil()iacr(oiic, (‘xcndion of, 71 
I )i(‘hi(>isin, .39 I 

in iunnoglobin soliitioiis, 391 
I)i(4, abundance ol, 269 

n<*c<»ssoiv loixlstutfs in, 123 
(*alonfic value ol, 593, 690 
coin])osil>ion of normal, 600 
<*onsl.i1.iion(.H of, (‘sscntial for growth, 
600 

fats in, 257 

in 0 ( 1 1 6 (tat ion of nil.rogenous excreta 
by, 673 

iKjcttssil.y'of inorganuj substaiKtos in, 

floi, rm 

orgatiKt nxiuiremenis in, 593 
ndat.ion of growth to, 544, 547, 690 
nsiuircnumt of amino-acids in, 593 
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Diet, requirement of protein in, 698, 686, 
687, 689, 691 

variation of nitrogenous excreta 
with protein in, 653 
of sulphur output with protein 
m, 668 

Dietary insufficiency, effect of, on growth 
545 

requirements, complexity of, 53 
Differential osmometer, 340 
Differentiated tissue produced m regen- 
eration^ 676 

Differentiation, 661, 576, 578 
capacity for, 568 
morphological, 567 
origin of, 567 
physiological, 567 
resulting m senescence, 579 
Diffusibility of protein, 133 
Diffusion, 278 

coefficient, 332 

effect of temperature upon, 472 
influence of viscosity upon, 332, 333 
in jellies, 345 
of phosphates, 365 
Digestion, 17, 20, 22, 248 

absorption of products of, 283 
of casein, 40, 42 
chemical con elation in, 413 
of proteins, 260, 263, 264, 269 
in stomach, 270 
time lelations of, 272 
Dig(*htive canal, eneigy (‘Xjiendituie in 
mov(‘iuents ol, 442 
oigans, mamtonan(‘(‘ of fun(*tional 
a(itivitv of 545 
Ihgitalia purputva, 98 
Digitonin, 99 

compound of, with choh'stciol, 108 
with ch(>l(‘st(Myl o\idi*, 112 
1 )iglyc(U id(‘S, 120 

I)iglycyl-glyciii(‘, 1.^5, 15(), 1(>0, 2.39, 240 
Dihydioplumols, 215 
DiLctopip(MaziiU's, 1.57, 181 
DilmitaU^ oi isomaimitol, 2.5.5 
I )il(»ucyl-cvst-inc, 239 
I)iI(Micyl-glv<*vI-gly<*mc, 239 
Dimensions, at tamable^ bodily, .542, .514, 
5 15 

bodily, dt'crcase of, due to tetholin, 
(>23 

of 0(41 communities, mflu('iu‘c of 
uuf.rKMit l(‘vel on, 576 
limitation ol bodily, 561 
Dimcthylamino-butauc, 205 
Dimcthylguanidme, 435, 443 
Dinucleotids, 197 

compounds of, with brucine, 199,200 
Dioses, 67 

Dioxyphenols, oxidation of, 667 
Dioxyphonylacetic acid, 666 See Homo- 
gentisic acid 

Dioxy-pyrimidinc, 192 See also Uiacil 
Dipoptidc of oystino and glutamic a<*id 
See Glutathione. 
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IMpoptidoH, 04, I 15. 15() , , 

hy(lr<»lyHiH of, hy proU»inH, 210) 
in rnuHc.ular tiHHUts 20« 
Diphcjfiylliy^lninims <>2 
I)ipht.h(Tiu antitoxin. 2(>2, \\77 
DiHanoharnU^H, 75, 82 
ox<!roti(>n of. 241) 
formation of, 50 
hydrolyniH of, 218 221. 2«7, 238 
inutarotaiion of, 71) 

HynthoHiH of, 241, 212 
variotioH of, union in, 85 
I)iHoaH('. rompoHition of wnnim protoiuH 
in, 379 

Dwrtooiation couHtnnt of aoidH, 300 

oloctrolytic. olToid. of, on oKrnolio 
pnwHUrc^, 282 

of fatt-y acadH, 230 
Distillation, 281 
Diatrihut.ion-o(>olfi<ii(«it, 03 1 
DixiratoH, ($50, ($00 
DhiroHia oannod by pitnitrin, 422 

by unilatoral rornoval of BUpni- 
ixnuU gland, 410 

induced hy nalinc catharticH, 352 
Diuretics, ($71 

Dog, composition of blood of, 29 1 
of milk of, <)99 
creatine in muHCiloH of, 21 1 
crystalline fonu of hemoglobin of, 
397, 400 

dislike of salt by, 35 
distribution of gly(*.ogen in tiHsues, 
06 

duration of lif(' of, 587 
energy consurned in doubling birth- 
weight of, 702 

expenditure of eni'rgy m growth of, 
701 

frecising-pomt of blood serum of, 2S3 
glycogen in lieart niuselt* of, 96 
kynurenie ne.id in urine ol, ()()7 
mineral (‘oinrioHitioii of blood serum, 
292 

oxygen <*oiisunijf)tion of, ($95 
preciiiitin ixxwM ioii wit.h blood of, 300 
total calorific output, during life, 573 
urieolytie index of, 658 
utilization of xylose by, 251 
Dog-fish, (loinpoHilion of blood of, 2$)1 
Doli)hinH, spormaceti in, 125 
Donkey, ciystalhne form of hemoglobin 
of, 300 

Donnan e<iuilibrium, 312, 344 
Dormice, hibernating, ($45 
Doubly refracting HubHf.anc<*H, influenei' 
of heat upon, 490 

Drawing of a line, time relations of, ($33 
Dreams, 636, 637 
Drying oils, 124, 709 

oxidation of, 406 

Duck, oxygen eonsumpi.ion of, 605 
serum proteins in, 378 
Ductless glands See Encloermo organs. 
Dulcitol, 66, 67 


l)uo<l<Miuiii. abs(»rpti<»n of ummo-neids 
from, 2(i3 

of iron from, Iti, 17 
digest i(»n ot fats in, 253 
<Iis<4mrge of <‘hviin‘ into, 113 
produelioii of Meer<*tin m wall of, II I 
renetioii of <*onl(»n(s *)f, 416 
stimulation of pan(*rentie seerf^toii 
by pri'senee <»!* fats in, 115 
Duration of life, 563, 571 573. 575. t$l7 
of rnainitials ami birds, 587 
of man, 6 10 

prolonga(i<m of. by tethelin. ($20 
relalionsiiij) of, (x^plializat i<»ti 
faetia* to, 5S7 
to development of n<*rvous 
systten, 588 

tc*mptM*nturt»-eoetrKMent of, 178 
ISO 

Dyes, ceanpoiindH of, with niieleu' neid, 
201 

employment of. as indicators, 29.S 
staining (»f g<4s by, 331 
DyHmenorrii<*n, 121 
Dyspituitrism, 5.S3 
DyspiKxi. 299, 307, 106, 107 
Dysf ropliia-adiposo-genitalis, 5.S| 
DyspituitriMn 


£ 

MiiUUilTlON, 281 
FrhitJria tindvata, 2S3 
Kvhntodvnnata, 2S5, 50ti, 516 
Mek's fistula, 618, <U»3 
Kelampsm, 211. 113 
Mdetiia, 3 tt> 

lOdestiii, 130. If)0. 162. 310, .311 

anuiM)-a(ad rou.'ititutioTi ot. 5!1S 
<*ompoiind ol, with eluiM'Uit», IS.') 
with eiipne li\ dio\i(|<‘, I7() 
uith sal in me, |S.*» 

d(M*omposilt(»a of .sodium elihuidi^ 
by, 366 

fleheaeie.v of lv.sm(* in, .*il)S 
iiXM* ainino-groupH lu, 165, 167. 16.S 
gaslrie digivstion ol, 270 
liyiln>ehloridi‘, 167 
hVilrolysiH of, Ii»5 
injeetion of, into eireulation, 2l»l 
inohn'ular w(»iglit ot, I (>7, 168 
neutralization of aeidHl>>, 167, 16S 
Kflicieney of musele, 4 1 1, 115, I9S 
of a HUrfaee tieision (»ngine, 107 
Kgg-alhumin, 13.3, 131. 139, 1.58, 260 
e.alorifie. vuUk' of, 678 
coagulation of, 180, I8I 
combination of, with eopper siil- 
phatis 180 

with silver nitrate, 180 
compound of, witli ehipc*inc», 185 
<iigestion of, 272, 274 
electrolyte-free, 180 
ele{3.ro-negative, 180 
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olooiro-poaiiivo, 181 
oncouragonioni of miesi/iiuil piitre- 
fiuitiou by raw, 008 
gaai.rio cUgoaiion of, 270 
licat-modifiod, 175, 177 
hydrolysiw of, 231, 235 
jolly formed from, 334 
neutralization of acids by, 172 
osmotic pressure of, 340, 341 
precipitation of, 179 
punficjation of, 401 
scmaitization of animals to, 262 
varieties of, 189 

EKK-oell, discharge of, from ovary, 420 
division of, 522 
Kgg-Rlobulin, 139, 175 

fat-Hokible accessory in, 601 
wal.oi^-Boliible ac'cessory in, 604 
addition of, to vogctanaii diet, 
()<)3 

ana phyla MS caused by, 262 
aitiiicial ioriuat.ion of fertilization 
inenibraiu's in, 500, 508, 511 
pai t h<MioRen(‘sis of, 507 
<‘ephalin iii, 129 
(H^n^hiosides in, 100 
eli(>l(*st(*iol in, 107 
eyt-olysiH of Hii<*cee<linR mcnibiano 
foinmlion, 510 

d<w<‘lopnieiit of, 503 kSoo Ovum 
digestion of, 274 
duration ol lii(« oi, 478 
(Miliv ol watei inlo, aftei fevtiliza- 
fion, 51 1 

lei tilizatiori ol, by spiuin, 504 

ol Iish, t<)\i<‘ilv of pui<» sails lor, 356 

(lolnlioii ol fish, 3(10 

non (‘onl<M)l ol, 17, 19 

l('<Mlh]n in, rj.S, 129 

osinoln* pieshoic ol, 2S3, 2S I 

o\i<l:i| loMs m, 5 17 

pet iMiMhiht \ ol lisii, 3()() 

]>i olf'ins m, I 12, 189 
stMisili'/alion oi, lo oocvlin, 512 
sh<*n oi birds, 120 
sphingoim elin in, 130 
lOhilieirs Kviclion ioi a<‘(4vl (‘lulosaniine, 
73 

A7a.s /// oh/ (i/tihu, 281 

IClasfic l(U)sion, (‘hangi* oi, in tnuseulai 
eonliaclion, 500, 501 
lissu<‘, 267 

lOlasInaly of (*(41 nuunbianes, 286 

of senusoli<l Irana^work in jellies, 337 
lOiaslin, 131, I 10, 111, 158, 709 
I0iasliii-p(9)lotH\s, 185 
lOh'clric curnMits, heiuolysis indviciMl by, 
508 

poUail.ial, changes of, in muscular 
contraction, 499, 500 
I4lt‘ctrical charge of <‘o11okIs, 176 

<*ond,uctivity »See Oondimtivity, 
of blood, 374 

(4Tect of tcinperature upon, 472 
of jellies, 332 


Electrical conductivity of living tissues, 
330, 360, 361. Sec also Con- 
ductivity. 

Electrolysis, 280 

of amino-acids, 147 
m protein solutions, 173 
Bloctrolyte-free cgg-albumm, 180 
Elcctiolytic dissociation of alanine hy- 
drochloride, 172 
of ammo-acicls, 166 
of caseinates, 173 
of colloids, 178 

effect of, on osmotic pressure, 
282 

of fatty acids, 330 
influence ol, upon hydrolysis, 
230 

of protein salts, 172 
of proteins, 174 

Electrometric determination of hydro- 
gen-ions, 169, 296 

Elcctro-negative casein, precipitation of, 
183 

colloids, 174-176 
cgg-albuinin, 175, 180 
piotein, coagulation of, 182 
KlocUo-positivo casein, pre(*ipitat ion of, 
183 

colloids, 175, 176 
cgg-albumin, 175, 181 
Klectioslatic Uuision in lellics, 344 
Elephant, iluialion ol hie oi, 587 
Efodra caundvnmSf 189 
Embiyome developineni , rule of piodue- 
t.iou of nucl(>i in, 552 
yuiialion ol nueleo-evloplasinic 
lalio < filling, 55 1 

heail, <(‘nip(‘ialiii(‘“(M)t‘fIiei(‘nt ol 
b<*al ol, 475 
layeis, 530 

lisMie, cuIliViilioii ol, to rii/Oj 558 
leeilhin in, 128 

piM ciMifage oi waltM in, 278,570 
variability ol, 567 

I<^inotion, di.s(4iaig(^ oi adKai.ilitu^ in, 
112 

inllii(‘nc<* ol, upon Iumu 1-bc‘al , 175 
lOinolioinil glycoHiii la, 112 
Kinphysi'ina, 207, 307 
Kinulsilinbilit V oi <‘holesl(uol, 115, (>l(>, 
617 

of o\yehol(»sl<»iol, 112 
Kmulsifi(*al.ion ol euoiin, 130 
oi fat, 252-254, 257, 321 
in cells, 321 
of lecithin, 128 
of oils, 323 

Emulsm, 85, 86, 89, 08, 238 

hydrolysis of gentiobiosi' by, 87 
synthesis of benzaldehvdi^ <*yano- 
hydrin by 24 4 
ol gcntiiobios<» by, 242 
Emulsion-structure of protoplasm, 319, 
328, .330, 330, 362, 364, 516 
at surfuci* oi <‘ells, 327 
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lOiiiiilHionH, fonnntion of, by biloHiillN, 1 10 
fn)!!! falH, 120 
Hiruct.uro of, 022, 020, 000 
lUmydura marqmirUv^ 2SI 
Kmys curopra, 2S4, M X 
PhichvlyH, 040, OfSO, 010 
KndcxjcUtilar cal.alyyit'rH of growi.h. Ht^o 
AutocuitralyHt. of Twicloiir HytiUioHitt. 
Kndocriiio or>i;anH, 4 IS. H<»<' alno Duct- 
loHH g;lan<lH. 

infliKMKU) of, on growth, 502, 579 
inaintotuuico of nulriont lovcl 
by, 577 

ori^bi of of, on growth, 

5«0 

Kndoffonous oataly^tirK of growth, 507, 
540, 590, 012 

fraction of uroa output., 554 
inotaboliHin, 542, 550, 001, OOS, 009 
of purinoH, 050 

lOnorgy absorption of radiant, 488 
balance of organisin, 075 
of combustion in muscular tisHUC,497 
cunsumod in doubling birth-woight, 
701, 702 

(*,oniont of forxnaldohydo. 491 
dissipation of, by aniiualH, 048, 079 
<l\mng growth, 701 
(icpiivaloiit of growth, 700 
expenditure <»f body, 515 

ill muHCular contraction, 409 
in HoliMitive absorption, 09 
of muscular contraction, source of, 
441, 442, 444, 494 
output of, 082, 084, 090 
of muHcIoH, 045 
production of, 249 

from cell coiiRtitm'nts in starva- 
tion, 571 

rcquiremont. ol Ixxly, 598 
sources of, in animals, 081 
storage of, 32, 487 
transi orinations of, in living organ- 
isms, 471, <177 

Knol-form of iicptic. linkage, 171 
KnoMinkage in proUuus, 22!^ 

Knolizod protiun, 188. Hee also Ilace- 
mizcd protein 

Kntorokinaac, 385, 410, 417 
Kiivironmcnb, adaptat.u)n to, 315 
control of internal, 293 
dolcterioufi infliKjiices of, 710 
effect of change of composition of, on 
early devolopiuent, 520 
OtiicsB of, 314 
inclusion of, 315, 316 
influence of, on ^owth, 644, 547 
invariance of, 314, 316, 317 
mineral composition of, 348 
of protoplasm, 348, 349 
Enzymes, 76, 010 
activity of, 222 
antigenic property of, 246 
artificial production of, 707 
characteristics of, 218, 222 


lOnzytnos, <4mraetoristtcH of, elioitiical 
223, 221 

coiiibinafion of, with sulistnito, 229. 
230 

(concentration of fr(»e, 230, 231 
hydrolysis of, 218 

hydrolyzing, 145, 221, 225, 231, 241, 
250,401 

inactivatum of, by acids and alkalii's, 
2.30 

by h<*at, 235, 472. 473 
influence of nviction upon livdrolvHis 
l>y, 235, 230 

of teinperatun* upon, 221, 232, 
234, 384 

of uItravioI(4. light upon, 225 
oxidizing, 404 400 
pr<shi(‘tion (»f antibodh^s by, 215 
purification of, 222 
rcciuirciiHUits for inaniifacture of.59<> 
specificity of hydrolyzing, 237 
Hynth<‘Hiziiig, 233, 210, 211, 70f» 
t.f*mperaturc-coetlici<‘nt. of activity 
of, 472, 473 
of hydrolysis by, 235 
of inactivation of, 47S, 179 
Kosin, iniluenc<» of, upon mart ivat ion of 
<*nzym(‘s l>y hght, 235 
HCMisitization of tlsHU<*s to liglit by, 
180 

Kpituqilirin, 21 1 Stx* also Adienalinc 
Ki)iphvs<*H, hard(*ning of, 117, 581, 021 
Kpitlichul <»ells, H(rii(*tUM' oi, 327, 32s 
tiHHUCH, glycog(»n in, 9<> 

infltn^nct^ ot (4ioI(\steiol upon 
grow til of, 103 
of t(4lielin upon gM»wtb oi, 
023 

lOpithelmin, pc^rmenbilif \ of, 325, 3'.Mi 
intcHtiiial, permeability ol, 353 
10<iuilibiium in eheiincnl renrtions, LMI 
213 

constant of n*aclion between heino 
gloliin and oxygen, 393 
disturbanee of, Jiy eit rates, 352 
influence of ttMnperatun» upon eln*m- 
ical, 471 
/iV/iuVfum, 358 

hVupHin, 202, 229, 210, 200, 270, 272, 117 
Ergamine, 203, 200, 21 <i, 417. iiIho 
iliHtainuu* 

ErgosUiroIs, 111 
Krgot, 215 

active principh's of, 20<l 
Krgotoxino, 200 
Krucio acid, 250 
Krythric acid, 68 
Pliythritol, 68, 280 

pormeability of (erythrocytes for, 290 
3(Jrytnro(eytc»s, 45, 99, 288, 289, 373 
amino-nitrogen content of, 290 
binding of hydrochloric a<*id hv» 300 
cholesterol in, 455 
elasticity of envelope of, 280 
fatty acids in, 455 
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Erythrocytes, glucose in, 375 
hemolysis of, 608, 610 
by bile salts, 118 
hy venom, 129 
idcntineai.ion of, 401 
inhibition of hemolysis of, by col- 
loids, 514 

lecithin m, 258, 455 
maintenance of neutrality of blood 
by, 310-313, 344 
mineral composition of, 366 
output of urobilm after destruction 
of, 671 

l>ormeability of, 290 
relative volume of, in blood, 374 
trypsin m, 240 
Erythroso, 6<S 
Esoz lucina, 2S4 
h3Kt.<*r, glycyl-ftlycinc, 154 
Kstois of arnmo-ncids, 146, 153 
of <*arhohydratos, 101 
of cholostorol, 103, 1 14, 250 
in blood, 109 
of fatty acids, 120 
pcnncabiliiy ol oiythiocyU^s for, 290 
Ethci, 17 

clTcct of, on seiiim inotcm ratio, 380 
licmolysis induced by, 50S 
mlliK^ncc* of, upon permeability, 364 
insolubility of membrane-forming 
agent in blood in, 51 1 
luminescence caused by, 169 
piMieliation ol piotian membranes 
by, 321 

[H‘i m<‘abili< V ol (ayUnocytes foi, 290 
lOllieieal siilphabss m mine, (>68, 669 
Mthyl nei'Inb', 630, 031 

liydioh sis ol , 229, 230 
inembiaiu'-loimal ion indii(*od 
by, 505 

p(*n<*l imI ion ol piobmi in<mi- 
bian<‘s by, 321 
al(*oliol, 329 

inlluenct* ol, on ])M)(lnclion oi 
panel (*a( ic jiiici*, 1 15 
oxidation ol, 105 

amino-sulplionK' aci<l, 103 St^calso 

'rauiiii<» 

glycolIa(<‘, 153 

J*3thvl-i)Ul vrat<*, hydiolysis ol, 210 
synthesis ol, 2*12 
Ethvl-m(*l hyl-etliylainine, 20 1 
EthVlamme, 201, 205 
JOthvl<m<»-glv<*.oI, j)orni(»abilitv of orylhro- 
cyti's for, 290 
IOUivl(Mi<M)xide glucose, 454 
h'vulose, 84 
linkage m sugars, 80 
sugars, formation of butyleno-oxulo 
sugars from, 493 
Etiolation, 601 

Eimalyntus manna, raninoso in, 89 
Kuihmdrium, 484, 485 
Kuijlvuit e/r/afjt, 484 

Kuglobuhn, 1 89, 377. See also Cllobnlin. 


Eunuchs, metabolism of, 418 
Evaporation of perspiration, 34, 646 
Evolution, acquirement of environmen- 
tal independence in, 316 
of homoiothermal animals, 232 
of multicellular organisms, 293 
Excreta, calorific value of, 678 
Excretion of iron, 46 
Exercise, influence of, on heat-output,699 
Exogenous metabohsxn, 542, 545, 580, 
612, 653, 664, 661, 667-669, 
688-691, 701 

acceleration of, in fevers, 570 
of purines, 656 

Exophthalmic goiter, 428, 430 See also 
Graves' disease, Basedow's disease 
External phase of jellies, 336 
Extraction of substances from colloidal 
media, 640 

Exudates, formation of, 402 
Eye, development of, m fishes, 526 

diseases, 603 See also Xerojihthal- 
nna 

r 

facilitation ot passage of impulses 
thiniigh nervous sysUnn, 626, 629, 636, 
G3S 

Fallojnan tubes, 120 
Fatigue, 445, 626 

absence ot, in mn ve fibois, 481 
ol muscle, 440, 446, 447, 495 
pioduets, accumulation of, in biain, 
()36, ()37 

ilisappcaiaiicc of, iiom biain 
during sii'C]), 638 
of inuKcle, r>29 
ol nci V(*-c(*nlcis, 1)20, 6)31 
sl(‘(*p a icsiill ol, 635 
F.Ml-holiibk^ ac<'(*s.sori(‘s, II, 122, 257,593, 
601, ()02, ()(K), 685 
in cod-liv<*i oil, 123 
»*llc{‘t ol d(4ici(Mi(*y oi, ()03, 601, 
609 

n(»ci\ssily ol, loi giowt.li, 693 
m u'lidion to i:u‘hitis, 13 
htoiagi* ol, 602, 61 1 
Fat-solvents, cytolylic aetion oi, 516 

eJleet oi, on peim<‘ability ol eells, 
330 S(»e also lapoid solvi'uts 
lumiiieseence <*aused by, lt>9 
meinbrane-loiination by, 508 
Fats, 32, 120 

absoipt.ion of, 2t52-254, 25()-258, 
2()9, 272 

bloo<l cholosleiol in, 110 
availabilil.y ol, lor muscular work, 
444 

in blood, 254 

(wilorific value of, 445, 077, 678 
cholesterol in, 107 

subcutaneous, 615 
combustion of, 683 
con<‘entration of, in hloixl, 376 
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KuIiH, (‘onHiiniptioii <»!', in inuHcuIni* work, i R'lllv fiTcM'l of, on snrfin*i* liMwioii. 


0 1 

on n |)ur(‘lv prolcMii 151 

<]<'positi(»n of, in <lvspil ml risni, 5S3 
(liiK'i^lK* ncMil il(*rjvabl<* lioiii, ir>«i 
(iif^(^Hl*i(ni of, !().*{, 252 
(‘ITo(»t. of of, in <li<*l, 000 

on ftUHlric ili^i'Mlion, 271 
of nllownnn* of, in 

oo;i , . 

oHicion(*y of musiMilnr work on eliol i 
rich in, 115 I 

oinulHiOonl.ion of, 252 251, 221. 221 1 
oHlnnHlion of quantil.v of. burnt in i 
hotly, OSO ^ I 

oxitliKcti from iion-i>rottMii | 
rt^HpinOory tpiolicnl, OSl | 
fat-Holuhlo atM'OHSory in, 001 | 

formation of, frtnn carholivtiriiO^H. 

0-14 ! 

gluooHO <loriviil)l<* from ^lyrorol of, 
401 

hytlrolymn of, 255 

hytlroxyhuiyric*. acitl dtTivahlo from, 
408 

infiltration of livtu* with, 221 
iiif.onno(liiUc‘ im'taholirtin of, 1 17 
iHodyunmin vulur of, 084 
loHH of, in rotiHociuriirc* of admiiiiH- 
tration of thyroid liHHiu*, 128 
in Ht a rvat ion, 508 
of tiNHUo on a diet liip:li in, 081 
oxidation o^ 207, 4 11, 447, 458, 150, 
401, 402, 400, 502, 502 
m diahetc'H, 452, 454, 457, 400. 
402 

of liy<lroK<*n in, 070 
permeability of, 227 
relutioiiHlii]) of, to earhohvtlraleM. 57 ■ 
r<*i>lae(Mnent of, by earhoIiydrat(».s, ; 
085 

rc'cimrement of, m dud, 502, (iOO j 

r(*Hpirati()ry <iuoti<»n( <lui* It) o\ida- ' 

turn of, 445, oil I 

Holuhility of, 1 15 I 

Htimulation ol Ht»er<di<)n of pa non*- ' 
atu? jine<» 1)V, 4 15 ; 

HtoniKe of, hv t-iuHiieH, 545 i' 

HyntheHiH ol, 215, 207 i 

thyroid hyperphiHia indueed hy e\- 
ee.sH of uzmaturatt^d, 122 
Fatty aeids, 121, 251, 502 
m blood, 455 

ealeulation of amount, eon* 
sumod, 402 

eholeatiorol (*Hl<‘rH of, 255 
eoUoidal, 022 

eoinbination of, with ehoHne, 
525 

e.oncont.rHi.ion of. in blood, 270 
eontent of, in oiIh, 222 
dorivcMl from ccrebronideH, 100 
from fatH, 122 
from jceorin, 121 
elTcu't. of, on ealeium cmt.put, 44 


of, by h*(*ithm, 


210 

ernidNiliention 
012 

e.Mlers of, 120 
Uilyeerith*)^ of, 122 
hypiTphiHm of tliyroid eatiscul 
by t»f un.siiturat(Ml, 122 

ioni/.a1iou of. 220 
nuanbruiu'-formnlion indiieeil 
by, 505 507 
in olivt* oil, 525 

oMthition of, ill <It»vt4opm(»nt, 
521 

proiluetitm of, frttm indluhiNt* by 
Imeteria. 01 
in larKe mteatine, 252 
I Kolubility of, m lipoitia, 220 

stimulation of rtsspirattn \ 

I ter by. ItlS 

u(ili/,atit)n of, 257 
tlKsut^M, eholt^st t»r<>l m, 100 

eompositum of fats m, 250 
p4*ret^nttiKtM»f watei in, 27s 
Fear, disebarf<<* t>r ntlrt'iutlmt* m, 112 
F<‘utht‘i*s, protiMii in, 110 
sdtt*on in. 52 

F<»eHl eontnmmulion, mnlei eatisiMl bv , 
122 

Feces, 22 

<*alori0e value t»f, 07s 
<*aH>on dioMile output in, ti 12 
fat m, 252 
lanohm» m, 255 
loss ol lodme in. 122 
stcneobilm m. 07 1 
volimu* oi, 01, 152. 001. 001 
water-eontt*nl of, 27.“> 

Ftdilmiit’M method ol Minar eUimafion, 
01 

.solutit)!!, eala)\*^is ot ovtdal loie. i>\, 
llM 

KMluetitin t)f, b\ allose, SO 
by eht)ndroif m, 102 
b\ tlt*\(rm, 00 
bv lacto.st», S7 
by iiialttist*. S.’i 

Ffumuaitatum m mleMime, 122 

protbitdion of metbaiu* b.\ , 017 
Fernu'iits, 20, 22, 82 St»ealso I'ji/.v riit*s 
Feme ebloridt* n^aelion for atlienalme, 
215 

for <hae<d le aeul, 151, 15tl 
liytlralt*, atlsorplitm of watm'-stduble 
aeeessory by. 00 j 
eolloidal acvelerat ion of photo* 
synllu^sis by, 100 

Fertilisation, aeeeleration of oxidations 
by, 517 521 

ap;<*nt in spermatossoa which cmiuhch, 
512 

ehomical proeesMt's iaitiiitisl by, 517 
effoet of, on permeability, 287*, 220 
inhibition of waU^r afU*r, 510 
by Hpemiatosoa, 508 
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Fort-ilization, substitution of chemical I 
agencies for, 603-506 
Fertihssation-membrane, 506 

acceleration of oxidations by forma- 
tion of, 619 

agents which form, 507, 608, 511 
effects of formation of, 514-616, 618 
formation of, 330, 604 
by bloodnsorum, 613 
by cytolytic agents, 510 
by oocytin, 512 
by saponms, 609 

imbibition of water during forma- 
tion of, 616 

inhibition of formation of, 515 
permeability of, 614 

for inorganic salts, 526 
Fertihzation-inembrano-forming agent m 
Hpoiinato^son, 615 

Fertilized eggs, toxieity of pure salts for 
3r>() 

Fetus, expulsion of, 422, 424 
growth of, 121, 422, 62S 
oviM'strnin upon thyioid of, 434 
pan(‘i(>nti(* hormone supplied by, 450 
i(4ntion ot, duration ol inegnaney 
to siz(' of, 423 

Fever, aoeeleiation ol exogenous nietab- 
olisnv in, 570 

ex<*i<4joii of uioliilm in, 071 
inen'ase ol output of uioerythiin 
in, 071 

rnt<‘ ol lu*,‘ir l-l)eaf in, 475 
Fibnn, 129, 100, 337, 3S7 

arnino-a(‘i(ls VK’hU'd by, 3()S 
eiystals, 3S0 

dig<*stioii ol, by pc'pHii, 221 
ioi rthMt ion ol , 373, 37 1 
pio<]ii(‘tion ol, iioin libimogen, 3S2 
l)\ I In oiribin, dS I, 3.sr) 
pi<»|)ei t les ol , 3S,S 
('lling oi , 3 l() 

l'’ibi m-lei nuMil See 'Tin ninbin 
Fibiinog<‘n, 120, 173, 300, 371, 3S7 
.tel ion ol (liioml)in upon, 3S 1 
in tiKMisl I iial Muid, 121 
pio<hielion oi 
3S(; 

propm Im's ol , 3S.S 
r(*g<*n(‘ration ol, altei liernoiThage, 
380 

nanoval oi, iioin blood ))Iasina, 383 
Fibroin, 131, I 10, Ml, 158, 70<) 

Fibr’ous tissii<»h, pioportion ol, in Ixxly, 
008 

protein in, 332 
h'lek’s law of dilfusion, 332 
Filantt NtnhfK'NniHt 431 
Films, formation of, by proteins, 323 
Fill<M paper, rise of (liiid in ast.ri]> ot, 640 
Filtration of proteins, 187 
Fundi, duration of life of, 587 
oxvg(*n eonsuiiifrt.ion of, 095 
Fish-C'ggs, notat.iori of, 360 
p<‘rineability of, 300 


Pish- eggs, toxicity of pure salts for, 366 
Fish-scales, guanine in, 194 
Fishes, artificial production of cyclopean, 
526 

biological value of proteins of, 693 

copper in, 52 

cycloses in, 106 

goiter in, 432 

iron in, 49 

mineral constituents of blood of, 291 
osmotic pressure of blood sera of, 284 
production of secretion in mtestine 
of, 415 

putrefaction of, 204 
spermatozoa of, 139 
swimming bladder of, 194 
Fission, multiplication by, 574 
Fitness of environment for life, 314 
Fixation of jellies, 337 
Flavones, 70, 99, 100 
Flesh diet, dangers of an exclusive, 694 
Flexnor-Jobling carcinoma, 614, 616, 619 
See also Cancel 

Flocculation of coll proteins by heavy 
metals, 349 

Flotation of fish-c^ggs, 360 
Fluid crystals, 115 

Fluids, jihysical cbaract eristics of, 627 
FluoreB(*en<‘e of urobilin solutions, 671 
Fluorides, cathartic action ot, 352 

ihy flume contraction of muHido 
caused by, 350 
Fluoiine, 52 

Folin and Macallum’H leaction foi uri<‘ 
acid, ()5(» 

I Food lequucMnent of ml ants, 700 
1 viducs, wastage of, m wail are, 265 
' FchmIsI lilts, availabililv ol, 538, 541, 515 
I S(*c also Nutiiiuit levid 

I (‘onibiist ion oi, 679, 683 
I dig(‘slion and assimilation oi, 248 
heat oi combustion oi, 677 


I I'oigidimg, c.ius<» ol, 637, i)3.S 
<*ui v<* ol, 6 10 

ol nicinoiized syllables, t)3S 
velocity of, 639 
Fiiimaldehyde, 57 

combination of, with aininonia See 
Fonnol-titiatioii. 
compound of, witdi casein, 709 
<i(*nvation of can<‘-HUgai from, 4f)4 
elfect of, on stiatihcat.ion m jidlies, 
339 

eniu’gy content of, 4t)l 
ioiination of, (rom caibon dioxide, 
489, 4<)0 

of hexoses from, 480 
in phot-osynt hesis, 483 
iiolymcrizatiion of, by chlorophyll, 
492 


isod\ naimc values oi, 683, (>81 
oxidation ol eaibon m, 613 
sYn(h(\sis ot, 707 

piofopl.ism tiom, 528 
lihim iiom, .182, 386, I Fon»s1iv, 700 
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Formaldehyde, polymerijsatitjn of, by 
ultraviolet, hji^ht, 4tK), 4U1 
reaction wil-h ainino-Krouj>H, 104. 
See uIho Foiinol-iitrai.ioii. 
Forniliydroxainic acid, photoHyntliOHW 
of, 494 

Formic acul, 121, 20;{ 

ariHixiff friiiii deeotnpomtion of 
hexoHeH, 191 

foniiat.ion of, by ultraviolet 
light, 490 

lueinbrano forinat.i(>ii iii<lue(*<l 
by, S}()5 

proau<*.tioii of, from hexoH(»H, 64 
Holuhihty of cftHoin in, IJM, 

184 

Fonnol-titrntion, 164, 165, 169, 672 
Fonnula <)f auto(«italyHiH. S<»e A ii to<»ata- 
lytio reiKstion formula. 

Fowls, duration of life of, 587 

eirc(}t.B of pituitary (antarwir lobo 
tissue upon growth of, 585 
oxygon consumption <»f, 695 
Sebright, 420 
scrum proteins of, 678 
Fox, crystalline form of hemoglobin of, 
697 

Fractures, acexiU'ration of union by 
totlielin, 626 

Fragrance, enhanceimuit of, by amber- 
gris, 114 

Framse, consumption of salt in, 67 
Freo-martm, 4H) 

Freezing-point of blood, 286, 626 

dci>ression of, by disHolv(*d sub- 
stances, 1 81, 281, 282 I 

of tiHHUo fluids, 285 
of urine, 283, 626 
Friction, 440 

eooffieient of, 1 25 j 

Frog, artificial parth(*iiog(*iu*HiH in, 506, 
507 ' 


Fruits, curative a<*ti(iii <if, in seurvy, 607 
iron in, 48 

output of hippuri<* acid inerc'iiHeil by, 
664 

oxalat<^H in, 647 
FueUH. 92, 507 
Fuel, manufacture of, 706 
Fullers’ earth, adHorjition of wnter-sob 
ul>le a<'c‘essory hv, 601 
FuhdnluH, 656, 657, 560, 666, 475 
hHvroclitUHf 52(i 

Fungi, iil>Kenco of fat-solubh^ aevessory 
in, 601 

cell-walls of, 76 
<leaniitiization by, 206 
<locarhc)xy1ation f»f umino-ncMfls by, 
202 

emulsin in, 26»S 

mvi'rtase in, 221 

production of iLininc»s by, 206 

rallinoHe in, 89 

slxTols m, 1 1 1 

trehalose in, 81 

tyrosinase in, 409 

Fiiimel-shaped port^s at surfaee of cells, 
628 

Furfural, 62, 61, <15 


O 

(radi4H coUtntHy 291 
(lalaetin, 95 
(yalaetosamine, 7 1 

(afilaetoHC), 60, 66, 67, 76, 76, .S2, 87, 8S, 
216, 250 

derivi'd from cen*l>ro.si(h*H, 100, 16 1 
Ironi gahicfin, O.") 
fzorn 92 

mutarotation ot, 79 
tol(>ran(*(» ot (liab(4i(\s (or, lo.'t 
( ialaeturoiuc acid, 76 


<!ondiicti<in of noiv(' impulse in, 180 
curarized, tomp<‘rat.ure-c<K*nicu»nl of 
tissue lespirntion ui, 477 
inciease of acidity of brain of, aftei 
ht.iimilation, 061 
larvie, 429 See 'Tadpoles, 
stimulation of ic'STiiratorv renter in, 
408 

t.em])euiture-(‘oefricient of develop- 
ment. of, 477 
of heart.-b(*at. of, 47 1 
Froh hell’s disease', 586 
Fructosans, 70 

Fructose, 57, GO, 70, 221, 238. See also 
IjevuloHC. 
osazonct of, 66 
Pructosides, 84 
Fruit jellies, 92, 96 

syrups, format.ion of jellies in, 73 
Fruitj^, ahsonee of fat-soluble accessory 
from, 693 

antiscorbutic in, 608 
cane-sugar m, 82 


d<M’ive<I from pectin, 96 
(Htdanthua fundin^ 196 
(Jallic acid, luminehc<*nce ol, 169 
<ilallois' tract ion lor mosilol, 106 
( Sall-slonf's, 111, 116 

cholf'sterol in, 107, 111 
(ialos<', 60 

( lamc'fogcMiesis, ce.sHati()n <»f, due (<» 
dt'pnval f)f \val<T-snluhleacccHHor\ ,60<» 
(hinassinrs reaction for uric acal, <{5<> 
CinK-chaiii, deterimnatioii of h\drogen 
ions by, 169, 267 
(histrie digestion, 270, 276. 417 

juice, 40, 42, 166, 190. 2H>, 252, 25 I, 
260, 269 

clotting of milk by, 271 
comfiosition 4>f, 248 
efTects of loss of, on a ehtoritle- 
free dieti 592 
hydrochloric, acid in, 52 
inversion of minnose by, 89 
invertaso in, 221 
pepsin in, 222, 240 
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Gasiricj juice, reaction of, 313 

secretion of, 272-274, 365, 366, 
413, 414 

mucosa, permeability of, 365, 366 
Gastro-enteritis, 604, 606 
Gastro-mtestmal disorders, serum pro- 
teins in, 379 
Gastrula, 506, 517, 613 
Gastrulation, reversion of, 613 
Geese, extirpation of liver m, 649 
Gel-structure m cells, 349 
Gelatin, 133, 136, 140, 141, 150, 158, 160, 
162, 685, 707, 709 
compound of, with clupeine, 185 
deaminiisation of, 171 
diffusion in jellies of, 332 
elTc<‘t of, on output of indioan, 663 
oncouragoment of intestinal putre- 
faction by, 668 

(‘xcrotion of oxalates increased by, 
(> 17 

foinmtion of films by, 324 

of IjK'Hogang rings in, 338 
flee amino-gioupH in, 165 
gast.iie <ligestion of, 270 
hv<l ration ol, 3J2 

ina<liK|iiaey of, to maintain nitro- 
genous e<|iiilibruiin, 594 
inhibition of nioinbrane formation 
by, 514 

maitializaiion of acids by, 171, 343 
ohinot.ie presHUie of, 341 
peifiieabihty of, 342 
stability of i<*Uies of, 337 
stiatifK'ation in jellies of, 339 
sliuetiiK* ol jellies of, 335-339 
swelling of, 312 316 
(i<4ation ol p<»<*tni solutions, 92 
(ieneiation, eoiK^ation of oigans of, 117 
<l<‘V<>l<)|>in(‘iit. ol oigans ol, 120 
oigans ol, TiSO S<*<‘ Oigans of gen- 
et. i I ion 

( lenilal oigans, 581 S<»<* Oigans ol gen- 

mal ion 

< J(»nl lanosi', Sti 

< MMit lans, St) 

< l(*nl lobiosis SC) 

syntlK'sis ol, by (Mniilsin, 212 
iioni glucose, S7 

< h^ogiapliH'al ilist iibiil ion of inyxedenia 

and goiti'i, 131 
(ieini-eells, 201, 572 

<*onv(*yane(* of laMedilaiy factors by, 
574 

German infants, growth of, 547 
Germinating gtains, inveitasc m, 221 
Gerniination, lack of increase of fatr+iol- 
uble ac^eessory in, 001 
l,(unp(*ratiUre-eoenie.i(»nt of produc- 
tion of carbon dioxalo in, 473 
Geslatioti, duration of, 421 -444 
growth of fet.us during, 528 
variability of <lurati<)n of, 423 
Gigant.ic (*inhryoH, artificial production 
of, r)2(i 


Gigantism, 581-583 

caused by tethelm, 620-622 
in salamanders, induced by admin- 
istration of pituitary (anterior 
lobe) tissue, 586 

Gills, absorption of, in axolotl induced by 
thsrroid tissue, 429 
Giraffe, duration of life of, 587 
Glands of mtemal secretion, 579. See 
Endocrine organs. 

Glandular tissues, 28 

effects of adrenaline on, 410 
glycogen in, 96 

water-soluble accessory in, 604, 
607 

Glauconite, 293 

Gliadin, 140, 158, 160, 162, 171, 685 
amino-acid constitution of, 598 
digestion of, 263, 268 
free ammo-groups in, 165 
gastric digestion of, 270 
inadequacy of, to support growth, 
695, 596 

Globin, 142, 311, 389 
caseinate, 185, 186 

antigenic properties of, 371 
compound of, with deutero-albu- 
inose, 186 

lack of antigenic propcity of, 401 
I)hotographie spectrum of, 390 
Globulin-iatio in blood-serum, 380 
Globulins, 137-139, 150 
m blood-seiiiin, 379 
m eolosliiiin, 189 
increase of, in sei um inf(‘e< ion, 377 
Glueohemia, 87, 249, 412, 448, 450, 451 
See also Hyperglyeornui 
eaUK(»d by adieiialine, 411 
GlucopiotiMiis, 137, 138, 142 
in blood* 377 

( Slu(*onu‘ ac'id, ()\id.it ion of , 153, 451 
Glu(‘osainin<‘, 73, 07, 377 S(‘<‘ also 

(3iitosaii)ine 

( UiK'osazone, (>3, 05, 72 S<m' alho PhtMiyl- 
gliKMisassoiK^ 

(JIueose, 57, 59, 00, 02, 0() 70. 73, 7(), 77, 
83, 221, 238, 211, 218 250, 280, 
341 

absoipl.ion oi, fioin intesi.ine, 320 
lioin pel itoneurn, 325 
lioin leetuin, 275 
aleoholKi foi mentation of, 460 
111 blood, 24t), 2f)7, 320, 375, 376 
eahailation of amount consumed, 4(>2 
caloiilie value of, 078 
eoinpound ol, with lecithin, 130 
consumption ot, by heait, 452 
by inusciihu tissues, 445, 700 
<‘oii version ol pioi)ioiuc acid into, 459 
<lerivable iiom glyeeiol, 463 
from i>rot.em, 462 
<lcrivation of i)ent.oscB from, 75 
derived from amygdalin, 98 
from cellulose, 91 
from jccorm, 131 
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CihiroHo <l<»riv<*cl from lH*h<‘nia, 9r» 
fr<»in KM) 

from prolcMU, ir»U 
irom siDMlhin, i).S 
from t)S 

from M(ni(*I», 

(lifTuHion of, 27s 

olTtM'i. of, oil <l(»iutiiiiiKntion, 2()S 

on H(‘w»tioii of ja;»Hlri<* 27*1 

('(nnlibiiiim l>ol\vot*n Kiyrognn and, 

f<»niiMtioii <»f, from f<ii*hml<Iohy<lc*, 
\K^ 


of );cly<*ofiC('0 from, 251 I 

in I Ivor, 251 I 

linxaphoHphaKs 101, 225 I 

m hoiuw, 75 

in I 

in Ko<*k<*’H Holution, 201 
liiminoHC*oiicc» of, 'KM) 
mob ilixa lion of n*H(*rv<‘H by adroiia- 
lino, 41.*^ 

imiiarolal ion of, 7i) 
optical roKilory powor of, tSO 
owniolic pr<*HHur<* of Holulionn of, - 
840 

oxidation of, 71, 158, 151, 158, 155, ; 
552 ' 


in diab(d(*H, 158 
in inurtcular tWHUo, 115, 115 
I)orin<»abili<y of kiilnoyn for, 550 
of uriniforoUH labul<*s for, 825 
l)liOHphori<* ai'kl owti^rH of, 101 
l)h()toHynth('aiH of, 408 | 

|)<)lyniori/iUtioii <»f, by livor, 111 
Iirodiiction of Inclu* M<*i<l from, 115 
from i)ropioni<‘ arid, 150 
Ht<aro(*homical niodifiralioii ot, in 
luloHlinr, 151 

Hynl!i<‘hW, ji;(»ii1i()bioH(' fioin, S7 
of filycofiirn from, 215 
Hynii), 75 

in nrinr, intio of, lo nilrof|;on, 151 
(Slurosnlo radi<‘al m miclrir a<*id, 105 
(JlurohidoH, 70, S2, OS 
hv<iiolvHiH of, 287 
of IriMlinn, 181 

of plioHohoiipms, 180 > 

ol Htrrolh, 118 
(UiK^othionir acMd, 101 
( llucuronal<‘.s m urinr, 552 
CJIuouronu* acid, 51 57, 70, 78, 75, 551, 
558, 070 

<lmvc<I from chondroilin, 102 
origin of, 552 
OHUifonc of, 72 
oxnlalion oi, 458 155 
))rodii(4i()n of xyloHc from, 72 
react loiiH of, 71* 

(Hue, 111 

(Jlutamic acid, 50, III, 117, 110, 150, 
15S, 152, 208, 20S, 457, 4S7, 
500 

abHori)tJon of, 253, 254 
in blood, 204 


! (iliitiiniic acid, dipf*ptid f»l\ willi cyslinc. 
See < llutll(hi<lnl^ 

i lack of elTecf of, on heal out rmt , 

5 S 5 

in protcauH of ( 4 aH(i(* tiHsm*, 257 
in urine, tifU 

(ilutatbione, 15 S, 405 , 157 , 510 
(autcUnc, I 8 S, 180 
(ilutcnin, 180 
( aycenc acid, 07 

(aycwidcH, dcc*onipoHittou of, bv bac- 
teria, 121 
of fatly hcuIh, 122 

(ayccrol, 55 . 57 , 122 , 218 , 251 , 250 , 811 . 
508 

ikaaviHi from phoHpiiolt|>inH, 120 
c 4 Tcct of, on deaiidnisfation, 208 
in fata, 57 

fatty aci<i estia’s of, 115 . 120 . Sim* 
aiHO Kafs. 

kIuconc dia'ivabk* from, 101, 108 
manufacture of, 255 
pcrmcxibilil V ol celU for, 2.S7 
of c*rylnrocytc*M foi, 200 
viKCOHity of Hcduttorih of, 882. 888 
( ayiH^ro-phoHph<»rit' acid, 58, 1 2S, 21 2,250 
dc^rivcMi iiom jc^corm, 18 1 
( ayc4*ros(‘, 55, 57. 07 
( Uyccryl-bul viatc*. .svniliesis ol, 212 

< ay<»cryI-lrmc*c4aK‘, 218 

My Id he ‘Ms of, 212 

( ayccryl-tnoleab*, .synthesis ol, 212 , 21.8 
( aye ervi-liipalmitatc*, 255 

< aycMiic, 82 , 00 , 115 , IIS, 151 . 152 , 152 , 

155 , 201 , 2 S 5 , 150 , |S 7 . .V.H» 
abncaicM^ ol, troin aihiimiiis. 150 
Ironi Mca’uiit ^iobidtii, 2 (iS 
anhydride*, 1.58 
in hlood, 251 

conjni^alion oi ben/oje neid with, 
551 S<*e* als<» 1 lippui a* aeid 

e 4 T<*cl ol, on histamini* pioihirtion. 
208 

(*nliance‘ni<>iit of h<*at output b\ , 
5 S 5 

c*Nle*i, 1.55 

preparaliem ol uiie and Itmii, <». 5 <i 
III prote'Um ol esinnectixe tissue*, 2<»7 
piotiMUM rii’h m. t>t»s 
MynthcHiHof, hy lis.suc.s, 501 . 500 , t »55 
in urine*, 551 

(ay<*ochohc acid, 115 , 115 , 250 
( aye-ex'oll. Si*c* ( avcine 
(aycoKe»n, 50 , 75 , 7 * 5 . ,S 5 , 00 , 05 , 2 It), 250 
conHumpfion <if, in inu.Mcular work, 
441 

eont(»nt of h<»arl muHe*h*, 550 
of muHcU*, 1 10 
of ( 1 HHU<*H, 151 
diK<*Hlie)n of, 2 IS 

eepiilibriuin b(*t\\t*<*n |j;htcoH<* ami, 
411 . 44 S 

formation of glucoKe* from. 257 
hyelrolyniH of, 05 

by liver diaHtiUK*. 412 
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Glycogen, loss of, by tissues during star- Growth, accelerative factors in, 535, 539, 
vaiion, 97, 441 540, 544, 552, 554, 556-558, 562, 

storage of, by depancreatized dogs, 590 

453 accessory foodstufifs in, 122 

in liver, 430, 449, 452 of animals. 563 


in muscular tissue, 439 
synthesis of, 242, 245 
Glycol, 67 

Glycoleucmo, 148 See also Caprine. 
Glycollic acid, 67, 466 
Glycolose, 67 

Glycolytic hormone, 464 See Insulin 
(TlycoprotoinH See Glucoprotems. 
CJlycoHuna, 74, 76, 249-251, 293, 44S- 
451, 453, 456, 457, 464, 660 
after extirpation of the mammary 
glanils, S7 
omotional, 412 

inducofl by adronaliiio, 206, 411 
by iiitignoHium salts, 52, 356 
by pliloiidzin, 106, 446 

< 5lv<*vl-alan!iH', 15S, 239 
( Jly<*vI-(l-Vfiliii(», I5S 
(Jlycyl-glycino, 151, 156, 166, 171, 239 

osto!, 155 
Glycyl-gioup, 155 

< }lv<*vl-l-l<Mi(Mn(‘, J5S 

< Jlv<*vl-l-piolino, 158 

( Slycvl-l-tyioHino, 158 
( llv<*yl-l(Mi<‘yl-alaniue, 239 
( flycyl-phonyl-alanino, 239 

< Jlycyl-tyioHiiKS 239, 240, 666 
( llyovilaHC, 6()(i 

G 1 vox vlu* acid, 135 
Gout, aHsiinilation ol <*al(*iuin by, 43 
(*al<‘iiirn i(u|uii(Mii(^iit ol, 1 1 
('oinpoMlion of blood ol, 376 
ol inilk ol, 699 

cxlii pot loii ol niiiniiriai y glands ol, 
250 

i>iotcins 111 , .178 
uiK'uUtn* ind(‘\ ol, 65S 
(ioiltM, gt'ogiapliical <lisl tiiiution ol, 
131 

Ol igin ol, 1.12, l.i3 
siMMiin pioiiMiis in, .379 
(rttfuittn 3.51 

Goos<‘, ciystallinc lonn ol hemoglobin ol, 
398 

oxyge^n <‘OMHiimp(.ion ol, 69.5 
( ioi ilia, pr<*(Mpil in UMictioii \\ ilh blood oi, 
369 

( Jout, 71 1 

deposits of uiK^ acid in, 659 
(Sraalian lolliclc, 120 
Gram, watiT-solublo aiiccssory in, 604 
(Jraixi-HUgar, 76 Hoe also CHucosc 
Grass, falr^olublc accessory in, 601 
Graves* discasis hyperplasia of thyroid 
in, 433. See also Kxophthal- 
uiKi goit(*r 
in<»tabolisin in, 430 
origin of, 431 
Gravitation, law of, 23 
CSray matter, stimulation of, 353 
48 


of annual plants, 535 
arrest of, due to deprival of fat-sol- 
uble accessory, 603 
autocatalysis of, 535, 537, 539, 542, 
547, 671 

autokinetic phase of, 531, 548, 563, 
564, 575, 590, 613, 614, 619 
autostatic phase of, 531, 564, 570, 
690, 613, 614 

of bacteria, 531, 632, 638, 539 
of bones, 581 

influence of tethelm upon, 623 
of British infants, 533, 534, 647 
of cancer, 267, 562 
capacity for, 565, 572 
catalyzers of, 537, 540, 579, 580, 591, 
607 

of cells, 286, 552 
cessation of, 536, 561, 565 
of children, 27, 528 

expenditures of energy tluring, 
701 

constituents of diet essential for, 
600 

of corals, 563 

curve ol, 529-531, 535, 543, 54S, 547 
fluctuations ol, 529 
cycles, 529, 530, 532, 536, 5 tO, r)44, 
563, 5t5.5, .579 8ee also Adoles- 
cent, Infantile and Jiivonilo ot 
gi owtlis 

inaxiiuuin giowth attainable in, 
.536 

lelationsliip btdw(^i‘n \\t‘ight 
and ag(‘ m, .5.38 
svinnuM-iv ol, .53! 
ol cylo]>Iasm, .519, .5.53, .5.54 
oi iljiiiy cow, .5.3.5 

ol dogs, cxpiMiditiiK* ol (‘iKMgv <lur- 
mg, 701 

elicct oi iidininisl inf ion ot thyioid 
upon, 129 

ol alUniiig piniccllulnr conc'cn- 
liation ol nufocntalvst upon, 
()12 

oi (‘astiation on, 419 
ol disoideis ol oigans ol giMiein- 
tion upon, 580 
of pitmtaiy body upon, 
580 583 

of thymus upon, .579 
of thyroid upon, 579 
of intorinitl.ont staivatioii on, 
570 

of ]>ituitary (anteiior lobe) tis- 
sue upon, .585, 58(5 
eniiuenoy oi lactalbunun in suppoi't- 
ing, 598 

endogenous catalyzers of, 590 
energy equivalent of, 7(50 
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Growth of epiihi'lial tiHHUO, inlhioiioo of 
choIoHt.(T(>I upon, 103 
of totholin upon, 033 
oquation of <Mirv(* of, 033 
OHH<*ntialit.y of Iynin(‘ for, 001) 
factors (l(‘h*nnininK, 300 
of fetus, 431, 433, 53S, 530 
function of thymus ni, 580 
of (xoriniin infiintw, 547 
of guinca-pif<s, 530, 545 | 

honnoiH'H, 570, 580 | 

inadociuacy of <4ia<lin to support, . 
f)l>5, 5»» 

iiKireiise of mctjibolism in <'arly, 008 
of infantw, 538, 540 

innu<»nco of breast. -f<‘ 0 ( ling on, 
000 

of abuTulaiUMi of dietary on, 
544, 547 

of cholesterol upon, 100, 
580, 017 

of eiKloerine organs on, 503 
of environment upon, 544, | 
547 I 

of iron Uj[>on, 48, 50 
of le<*ithin upon, 350, 580, 
013, 014 

of nervous tissues upon, 
580, 015 

of raee upon, 544, 540, 5 17 
of sex n})on, 544, 540, 547 
of special ag<^n(4es upon, 

of tethehn upon, 580, 010, 
021, 022 

of thyroid administration 
upon, 430 

inhibiting factor m, 537, 510 543,1 
544 

limitation of, 503, 503 
of man, 528-530, 533, 530, 544 
of inarninals, 520 
master reae.t.ion of, 513 
of nuc<', 530, 545 

effects of pituitary (aiitenor 
lobe) (.issue upon, 585 
influence of tethelm ujion, 030 
of niult.icellular oiganisms, 518 
iiec<*ssit.y of antiscorbutic for, 008 
of nrginiiu* or liistKline for, 500 
of fatrtiolulile ac.eessory for, 002, 
003 

of inorganic, substrates of, 502 
of lysine for, 505, 500 
of waUir-soluble ae.<'.esHory for, 
605-007 

of nuclei, 510, 553, 554 
origin of autocatalysis of, 552, 555, 
568, 660 

parameters of curve of, 547 
of placenta, 421, 480 
of plants, 531, 551, 503 
process, 530 

general characteristics of, 528, 
544 


Growth, process, time-relations of, 700 
products of, 535 537, 54 I 
of rats, 531, 515 

regt'iu'rat ion ititiuced by n'liioval of 
products of, 573 
relationship of, t<i diet, 500 

of cuMioerine organs to, 570 
removal of products of, 513 
wMiewal of foodstuirs during, 510. 

See also Nutramt Iev<4 
rcMpiirement of etdiMtim in, 10 
of protein for, 508 

retardation of, 535 537, 510, 503, 
501, 573, 500 

by pituitary (ant«*rior lobe) tis- 
sue, 580 

reversion of, by starvation, 510 
of roots, 358 

secondary necelernlion of, by pitu- 
itary (ant4*rior lobe) lissui*, 5S0 
senun protein ratio during, 3.S0 
of skin m disorders of pituitary body, 
581 583 

stimulation ot, by eorpora lutea, 5S0 
substrates, 535, 530, 510 513, 515, 
501, 500, 5.S0, 501, 007, 013, 
085 

esst^ntinlity t»t, 500 
of 1 1ml Ills, 35S 
titne-rc4ations of, 537 
of unieelluhir organiMiis, 513. 5<i.3 

iniiuenct* of bios upon. 501 
utrro, 131, 133, 53S, 530 
velocity of, 53.S, 530. 533, 53S, 5 lt>, 
503 505, ."iTO 
eonstant nl , 5 1 1, 570 
of yeast, laOuf^nce ot bios on, .'»50, 
501 

Gro\vth-e<|Uilil)iiuin, 515, 510, 571,573, 
577, 5t>7 

( Juumconic aeiil test !«»i blood, 103 
Guaiaciiin, 101 lOti 
( luannse, 101 
Guana lmc\ 101, 310, 313 

<4T(M'(h ot ndnimiNtiation ot, i:t0 
gioiips in salaniH*. I OS 
nitrogi»nous ba.ses den\ed tiont, 310 
Guanidobuiylamiia*, 301. Sei* ;d.so \g 
mat me 

Guanine, 101, 103 105, 107, 301. .V.)0, 050 

f 'oui. m pigs, 10 1 
iy<lrolysiH ol, 101 
inononiieleotids, lO.S 
o\idata>n of, 130 
( biniiosua^y 105, 107 
Guanyhe acal, 101, 105, 107, 351 
Guinea-pig, eastration ot, 110 
composition of milk €)f, 000 
erystnlline form of hemoglobin of, 
:«)«, KM) 

ili^vnlopiiumt of, til hirlli, ftiJO 
growth of, 520, 545 
ovulation in, (21 

precipitin reaction with JiIoikI of, 300 
scurvy in, 607 
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C vuinoa-pig, sensitization of, to egg-albu- 
min, 262 

serum proteins m, 378 
total calorific output during life, 573 
uricolytic index of, 668 
Chilclborg and Waage’s mass law, 220 
(Hums, 90, 709 

CHustatory stimuli, refiex stimulation of 
secretion of gastric juice by, 413 


H 

Habits, formation of, 626 
Hair, oroction of, due to adrenaline, 412 
mlluonce of tetholin on growth of, 
620 

pioicin m, 140 
silicon in, 62 

Halogi'n-bcnzones, cysi-inuria caused by, 
670 

I lainmaiston’s reaction foi cholic acid, 

116, ns 

Hates, dielary of, 3S 
Hay, peniosaiiH in, 76 

potiissiiiin <*onf.ent of, 30 
I h'aling ol wounds, 665 also Kegen- 
erat.ion 

a<*<‘i4eTation of, by tetholin, 623 
Ih^aiing, 636 

H(‘art, a(‘(annulat.ion ol glycogen (lining 
staivation, 97 

eonsumplion ol glucose by, 462 
(»lf(*et of ainiiUNs upon, 213 
hvp<‘ilroj)liy of, <*auH(Ml by Ihyioid 
adtninislialion, ^129 
loss ol wiMght oi, in slat vat ion, 66S 
inain(<‘nan(*(* oi Ix'at oi, 616 
laaxous (‘oiitiol of, 176 
nut lit ion oi, 6t>9 
OI igin oi enei gy of , 9(i 
iliNtiiniic (‘onliaci ions of, 361 
lls.sll(^ ell<‘et, on i<‘g(*n<‘rat ion of 
luMnoglobin, 60 

1 l(\Mt t-b('at , (l<»pen(l<*nce oi, upon tneiab- 
olisin, 476 

efi(‘('( of bile salts upon, IIS 
<*\lK*ndii.ur(» ol eneigy in, 1 12 
in f(‘V'<*rs, 176 
in (Jiav(»s’ dis(»as(*, 430 
inen^asi^d late ol, in niuseulai woik, 
611 

influ(ai(*e of (^motions upon, (12, 176 
oi (^t gamine upon, 207 
of int.(Tnal s('(T('iions upon, 475 
of muscular activity upon, 475 
oi salts upon, 349 
of thyroid adnii lustration upon, 
428 

of thyroxin uiion, 429 
l.(unp<Tatui*e-eoefIieiont of, 474, 475, 
4S2 

Heart-ganglion in litmduH, 475, 481 
Heart-musele, acttion of digitalis upon, 98 
glycogen in, 96, 669 


Heart-muscle, iron in, 45 
nucleus in, 195 
phospholipms m, 130 
Heat, absorption of, m swellmg, 342 

coagulation of protein by, 135, 144, 
181 

of combustion of foodstuffs, 677, 678 
obstruction of hypnotoxin by, 637 
of photogemn by, 468 
disengagement of, by cerebral cor- 
tex, 628 

dissipation of, from body, 444, 646, 
647, 676, 679. See also Heat-out- 
put. 

effect of, on antiscorbutic, 608 See 
also Cooking, 
on enzymes, 224 
on membrane-forming agent in 
blood-serum, 511 
hemolysis induced by, 508 
inactivation of enzymes by, 404, 472, 
473 

influence of, on antienzymes, 246 
on doubly refracting substances, 
496 

on enzymes, 223 
on membrane-forming power of 
blood-serum, 614 
on permeability of cells, 346 
injury to photosynthesis, 483 
liberation of, m hydrolysis, 471 

m solution of piotoin, 342, 343 
piodii<‘tion of, by body, 546, 64(k 676 
by muscles, 496, 499 
by oxidation, 698 
pr()i>ortionality of, to hiiiia(*o, 
69f) 

radiation of, fioin body, 293, 680,700 
of leaction botveen luanoglohm and 
oxygen, 391 

Ileai-inoiliiied (‘gg-albiiniin, 176, 177 
Ih^at-output, ('fleet oi amino-aculs iij)on, 
()S() 

oi thyroid tissue upon, 428 
in (havc's’ (li,s('aHe, 130 

oi infants, 699, 700 
Iroin body, 6 17 Sc'C also Ih'at, dis- 
si])ation of 

Ih'jivy metals, pic'ciiiitation of protein by, 
136, 368 

protein ('om pounds of, ISO 
t.oxieit.y of, 349, 366, 367 
I lelinei -number of fats, 123 
llvharithuitj 536 

Heheoidal siratifK'ations in ji'llies, 339 
IlcliotroniHin, 27 

appli (‘ability of Bunsen-Robcoc law 
to, 484, 485 

influence of color of light upon, 484 
tcmi>eratiir(i-c.oefhciont of, 482 
Heller’s test, for protein, 135 
llcmatm, 46-48, 139, 142, 311, 389, 394, 
395, 600 

relationship of, to chlorophyll, 396 
Hematocrit, 288 
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Homatogen, 47 

<Mni>l<>yinont <>f, 4S 

Iloinaloidin, 

Ilonwilopoict.if Iihkuok, H), r>I, liW 
IIoinji<x>iK)rpliynn, 17, 

IIoiui-(4iiHU!i, oornpouml of, with <'1»- 
pom(‘, ISf) 

Ilomiii, im 

Htructun* of, 1^5 
(lOHt for })loo(l, 401 
H('inoohr(>inog(^n, 1105 
Ilomoryaiiin, 52, 112, 500 

fr<*(* ainiiio-gnmpH in, 105 
IIcMnoglohiii, 45, 151, 157, 150, 112, 100, 
175, 2S8, 5«2. 400, 100 
ubHorption Hpoolrutn of, 500,501,500 
pn)p(Ttu*H of, 401 
(!iiHt*inaU', 1«0 
o.hwiiioal proportion of, 5S0 
(coagulation of, 470 
comlOzialton of, with oarbon dioxido, 
510 

with oxygon, 505, 5i)4, 407. S(*<c 
also ()xyhc»inoglol)iii. 
ootnpound of, with thymuH-hinfonc*, 
ISO 

<H>no(mtration of, in l>loo<i, 570 
oonU'^nt of aniinalHon a milk diid, 
501 


lioinorrhagis prevontion of, by atlrona- 
Hno, 411, 415 

rogoiioratiou of hoiiio|Ki(»bin iifttcr, 51 
of pItiHiim*pr(tt(MUH itft<cr, 5SO, 
5Si 

Il<ciiip-H(c(c(l, (‘dontiri from, 50S 
protcdn m, 150, 102 
Hccn-foatht*rt><l oooKh, 120 
ll(ctiH(cn'H lino, 40'<, 500 
iirrhtroru^ 2S5, 0 17, 00 1 

baot(»riii in intoMfiiu* of, 251 
ptcntoHans in <0(4 of, 251 
IhM'bivorous (ininmln, nc(pnrtcmont of 
Halt by, 55 

lion* btary factor in thyrohl ciiHouHO, 155, 
451 

faotorH, oonvoyimr<* of, by g<*rm- 
57 1 

tiaimmisHion <if, by Kp(*rnmlo- 
/.<K»n, 505 

(tualitu*H, con v(*vano<‘ <»f, 201 
Iloncclity, 201 

ll4»ron, (iuration «»f lif*» of. 5S7 
H(4(*ro-albninoHc, rornpotmd of, with 44u- 
|M4n<», IS5 

fn*(» aiiuno-ifroupH in, 105 
IIcicroi‘v<4n‘ amino-inMils, 1 Mi 
ilctcrog(*iucoUH svst(»in.s, autocataU ni.m m, 
550 


(iryntal foriiw of, 500 401 
hahit in, 51)7 400 
(•.ryHt.allij5at.ion of, 507 
free uinino-groupH in, 105 
intluoiK'c^ of rc-oryHtallizatioii upon 
cryatalliru* form of, 401 
iron in, 500, 010 

mainUenance of neutrahtv of blood 
by, 511 515 

molmilar weight of, ISO, 510, 541, 
505, 504 

OHinot.io i)r(*HHur(' of, 510 
rogciK'ralion aftc*r luanonhagc*, 51 
relation of urinaiv pigiiuaitH to, 071 
relationahip of, to chlorophyll, 10 
Holuhihty of, IS7 
Hynth(\siH, 50, 500, 000 
by embryo, 47 
maHtci i<*action of, 51 
t.h(*rapeuti(f employ m(»nt of, 4S 
IlemolyHin, 5()0 

t('mp('ratur('-ooetii(neiit of (l(»Htni(*- 
tion ol, 470 

fleinolyHiH, 00, 2SS, 280, 507, 508, 510 
by bile waltn, IIS 
inhibition of, by eolloidH, 514 
by venom, 120 

flemolytic agentH, inembranoforination 
by, 508 

Hemophilia, 380 

Honiin nroU'ins in, 579 
I femopyrrolc, 305 
IJemorrhagc^, anoinia duo to, 49, 51 
ciont.rol of, 586 
lif)cmia m, 258 
output of urobilin after, 671 


Ilexaliydrolx'iiztMie, 105 See alho < elo- 

H(*H. 

ilexahydrophenol, OMi 
1 lexanud hyl(»nett*t i amim», 072 
llexa{>hoHphat<* ot moMitol, 105 
II(*xoHe radical m nucUac acMd. 100, 101, 
200 

Ih*x(W(*s, d(*comi»ohition of, 101 
d(4tnition of, 50 
diHtribiition of, 75 

formation of, from iormalih4i\ ch*, 
ISO 

pilot OHvntheHiH ol, 402 
pioductioii ol j)eii(oM*.H tiom, 72 
pn)i><*ili(*H ol, 58 
l(•aetlonH of, 0 1 
H<*NyIamine, 205 
llibiaufit ion, 0 1 1 

m(compl<4e oxidatioiiH in, 015 
rcHpiralory quotu^nt m. 015 
lIidcH, pr(*paiation of, (or tanning, 707 
Iligh-protein diet, 4 1 1 
llippurie U(*id, 52, 400 

(•\eretion of, 501, 005 
HynthiWH of, 001 

Hirudin, 5 Mi, 580, 421. Se<* alao bri(*efi 
(»xt raet.. 

pnwention of clotting of bhaal by, 
582 * 

lliHtaminc, 205, 204, 208 

influomto of, on eongulabdtty of 
blood, 207 

rclation«hip of nituitrin to, 421 
shock induced by, 207 
Histidine, 69, 146, 147, 160, 162, 204, 208, 



INDEX OF SUBJECTS 


757 


1 listidino in blood, 264 

(locarboxylation of, 203 
cwtiination of, 159, 160 
monochloride, 151 
nocessity of, m diet, 599 
Ilistidyl-zS-alanme, 208. See also Camo- 
smc 

lliBtone sulphate, compound of, with 
cliipeine, 185 

IIiHtones, 137-139, 141, 142, 150 
lIiHtopoptonc, 185 
Van t’HoiT’s solution, 359, 504 
development in, 520 
I log. See Pig. 

composition of blood of, 376 
hemoglobin of, 399 
SCI um proteins in, 378 
floloihuna lubulosa^ 285 
llomarus anict icanuSf 292 
vulgannj 285 
Iloinogeiitisie acul, 666 
origin of, 6(i7 

IIomoioHinotic aniiiialH, 293 
Ilomoiothorinal aniinalH, 232, 293, 314, 
417, (516 

/lomoptnuj production of waxes by, 125 
IIoiH^y, l(*vuloH<‘ and glucose in, 75 
production of, 125 
IIoiK^yconib Htru<*ture in jellies, 336 
Hoofs, ])rotcin in, 140 
Ilopkins-Cole reaction foi proteins, 135, 
137 

IIoidiMii, 110 

Iloiinonc, glycolytic S<h* Insulin 

of pan<*M^as, 150, 1(53, 1(54 See also 
Insulin 

lloiinoncs, 100, 201, 213, 373, (510 
ol giowlh, 570, 580 
I (M|Uii(‘iti(>iils ioi inanuiacl lit e oi, 59(5 
I lot n, pioliMii in, 131, 1 10 
lIots(‘, ( oin|)osit ion oi biooil ol, 37(> 
oi milk oi, (500 

(MVslallmi' ioim oi luMnoglolnn of, 
398. 390 

(ligi'slion ol c(*llulos<‘ b\, 91 
dm a lion ol life ol, 587 
(MUMgv consumed m doubling biith- 
v\(Mgitt ol, 702 

I i(^(^zing-pomt of blood-H(M um of, 283 
(olal (‘aloriln* oulpiil dining life, 573 
iiricolyiic ind<‘\ ol, (558 
ulilization ol <'(41ulos(* by, 251 
Iloisc^-set um, proteins in, 378 
Human blood, composition of, 291 
blood-s('ia, 1 reezing-point of, 283 
fat, propel ties of, 123 
growth. See (Jrowth of infants and 
(diildren 

milk, comyiosition of, (599 
Humidity, elTcct of, on dissipation of 
lieat, by bo<ly, 646 

Humin nitrog<‘n derived from protein, 160 
substaiKies, (54, 69, 133, 426 
Hyaloplasm, 498, 500 
Ilydnit-OH of substances in solution, 181 


Hydration of gelatin, 342 
of proteins, 342 
Hydrazones, 82 
Hydremic plethora, 403 
Hydroaromatic derivatives, 103 
Hydrocarbon oils, 255 
Hydrochloric acid, 19, 40, 42, 46, 47 

combination of, with edesiin, 
167, 168 
with pepsin, 236 
effects of removal of, by gastric 
fistula, 592 

in gastric juice, 52, 248, 314, 366 
membrane-forming capacity of, 
507, 508 

production of, from chlorides, 
366 

Hydrocyanic acid, 82, 98 

reaction of, with aldoses, 68 
precipitation of proteins by, 135 
Hydrogen acceptors, 466, 467 

electrode, 169-171, 178, 296, 297 
in carbohydrates, oxidation of, 643 
oxidation of, 676 
m fats, 644 
in foodstuffs, 677 
peroxide, 464, 465, 466, 469 

decomposition of, by blood, 402 
formation of by ultiaviolot 
light, 490 

oxidation of, hydroxybutyrie 
aeid by, 461 

sulphide deiivod fiom jccoiin, 131 
noutializing powei of, 300 
Hydiogon-ion roncentration of blood, 
299, 302, 301, 305, 310, 313 
in brain tissue, f530 
determination oi, 178,295, 297, 
298 

influence of , upon late ol hydio- 
lysis, 221 

legulation of, 315-327 
ot sea-w.itoi, 313 
oi t issue fluids, 203 
< oiivmsion oi tryj)sinogen intotiyp- 
sin by, 415, 11(5 

Hyiliogenated oils, utilization ol, 257 
Hydiogciiation ot vegetable oils, 122 
Hydrolyses in (»gg indiK^C'd by Icitilizn- 
tion, 517 

eneigy (Unlived fiom, 105 
heat-valui* oi, 439, 471 
succeeding niembi an e, foiiiiation in 
the egg, 519 

Ilyilrolysis of adenine, 104 

of cant'-HUgar, 83, 221, 225-227, 235, 
241, 49(5, 532 See also Inver- 
sion 

autiocatalysis of, 495 
of casein by trypsin, 237 
of castor oil, 532 
of chitin, 97 

combination of enzyme with pro- 
ducts of, 229 

1 of disacchandes, 218, 210, 220, 221 
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IlydiolyHW of I (>5 

of ogK-alh\iiiiiit, 12.S] 
of othyl-hu<.yrat<s a 10 
of fatiH, 25/3 
of focxlHtiirfH, 271 
of KlycoRon, 05, *112, i:i0 
of (j^iinnitus 10 1 
of inoHitol iK^xaphoHplitiio, 105 
of locithin, 250 

of inothyl a«otrfii.(‘, *100, 522, 5*20 
HiitociitalyHiH of, *105 
of inuoin, 102 

of aiKdoic a(n<l. 100, 102, 105, 107, 
100, 251, 512 
of imcloin, too 

of parent c'rally intro<luee<l pro(<Mn, 
202 

of popt'OXK^H, 222 
of phoKphoIipiiiH, 1 28 
of i>olypepiuleH, 104 
of i)rotein, 04, 142, M5, 150, 102, 
170, 202, 222, 220, 270, 542 
by peiwiii, 100 

popiiaoH amonfi; the product « of, 
158 

j)r<wlu<5t« of, 102 
by t-rypsiu, 100 

of protophu-anic count it uontH, 512 
of raceini 2 ;e<l protein, 1S7, 1.SS 
r<*verHion of, 2JJ2 
of HcloroprotciiiH, 141 
of Htar<th, 04 

teini)crat.ur<*-<*o<'f!i<*.i<‘nt of, 472, 479 
of tothclin. lOOj 210, 018 
of thyroop;l(>bulin, 420 
of tiHHue prot<‘ni, 50(5 
irydrolyzing onzyrncH, 218, 221, 225, 221, 
241, 250, 401 

influcn<‘c of rea<'f.ion upon, 225 
of tciup<»ratur<‘ upon, 222 
HI)P(alicity of, 227 
wyntheHiH l)y, 210, 215 
toinporat.ui'e-coclIicKMit of, 225 
Hydroxy amino-acidH, 140, 1(52 
^-hydroxy-«-aniino propionic acid, 1 hS 
Hoc alno Stymie 

Ilydroxyaroniatic dcrivat.ivcn, (500 

oxidat ion of, by dmbcticH, 457 
IlydroxybcnzciKs ra<li<*a[, (517 
Hydroxybutyiuj a<‘id, (5(57 

amount, of derivable from fatn, 
458 

oxidation of, 4(51 
produ(‘tiou of, 457, 450, 4(50 
in urine, 454. See Ketonuria. 
i9-hyclroxyet.hylamm(%, 205 
Hydroxy fatty aeulH, calcium Haltj» of, 
4G6 

IlydroxyRlutanuc aeid, 140. 149, 102 
Hydroxy-hoxahydro-phthalic, aeul, 1 17 
flydroxyl-ion concentration of blocxL 
204 ' 

determination of, 297 
3>-Hyclroxyphonylcthylamino, 204. See 
also Tyrainine. 




Ily<lro\ypi*ohn<*, I 10, 1 10, 102, 102. S«*c 
'alno ( )\vprolint^ 

1 Iydr< »xyi >yridin<*8, 0( >5 
////wic/iop/rm, pnxlucliuii of whxch bv, 
125 

Ilypaphorinc, 200 
IlyixTKlyccmm, 448, 150 

after extirpation of tnatniimry Klandn 
87 

eaUKecl by iwlrenulim*, 4 1 1 
Ilyperirritability in<lu(*(sl by nuuova! of 
calciutn, 251 252, 250 
HyiHTfiiluitriKm, 448, 582. S<m* hIho <5i- 
fi^uit inni and Aerotnegaly. 

HyperpUiHta of thyroid, 420 122 
Hyperpnea, 200, -lOO, *107 
Hyperpyrexia, 570, 071. See hIho Kever, 
Ilyperlenmtin, 200. SimmiIho iiloixl-preH- 
m^r(^ 

IlypiTthyrouliHin, 420 

elTi'ct of liiKh-proteiii diet in, 128 
Hertini proteiim in, 270 
IIyiM»rlonic Hea-\va(t*r, elTtM't <if I rent - 
inent of e^^n with, 518 
upon oxitlation in 510 
Hi^^inentatton of e|j!;u;n raiimMi b\ , 
502, 505, 50(5. 510, 51 1 
.sohitionn, 288 

plaHinolyniH by, 280 

IIyp<»rtr<iphy ot iiri^aiiH canned by th\ roid 
adminintration, 120 
HypnoniH, (527, (52(5 
llypnc>to\in, (527 

Hypophywetorny, See ritui(ai> ImmK, 
effect H of (*\<‘iniuii of 

Hypophymn, 410, 580, .Sim‘ also Pitui- 
tary Khual. 

Hypopituitrinni, 1 IS 
Hypothvroidiniii See Mwisinna 
ina((a*nal, <41cet upon itMun, 12 1 
llypotonic Holutionn, 288 
Hypoxaiithinc, 102, 101, 251, (55(5 
d«Tiv<*d from iiuchMc and, 10(5 
piMitonc* <*oiiipound in blood Sro 
< in 

jiroduction of uric and fioia, 105 
1 lynt ei <»hih, 02.5 
III j<4Iicrt, 225 


I 

lrK-(MiYHTAi^, formation of bicnciraUK 
ringn by, 227 

IcteriiH, 118. Sec alno .JaundiiH*. 
IdniUcal twinn, fonnntiou of, 525 
Idiopathic. (I'Ouiy. See 'retniiy in eliil- 
<lnm. 

Idiosyncrany towanl iron, 48 
IdoHcs (50 
Ileum, 4(5 

abHoneo of aecretin from, 4 1 1 
abaorrition from, 2(52, 272 
Iminazolyl im>up, 09 

mdieal in pituitrini 210 
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Iiuinazolyl imlical in purine bascfl, 193 
/9-Iininazolyl-ciliylanunc, 149, 204, 208, 
415, 424 Kc»,o also Histamine, jQrgo- 
minc. 

Imino-groups, transformation into am- 
mo-groups by hydrolysis, 159 
Immortal forms of life, 574 
Immunity, 207 

Immunization, 144, 244, 261, 369, 510, 
711 

against enzymes, 245, 240 
Horum proteins in, 377, 379 
Inact.iviit.ion of enzymes by acids and 
alkalies, 236 
by heat, 232, 235 
by light, 235 

t(‘m]iorat.urc-(*,oof!icient of, 478, 
470 

Inanimate matter, clistinction of, from 
animati', 17 

1 namt.ion, 545, 5()S, (502 See also Starva- 
t.ion 

(‘fToet. of loss of protioplasm du(‘ to, 
511 

Inci(l<‘nee of oaiemoma, age of, 119 
liu'liiHion ol (environment, 315, 31(5 
Iiicubaliion ol <*ggs, efleet of, on osmotic 
prc'ssure, 2S3 
India-rublier, 331, 709 

eontraiition ol, when h(‘ate<l, 49(5,497 
evclos<»s in, 107 
Indiean, <5(52, (5(53 

Indieatois, (let<M mination ol lunitralizing 
pow(‘i by, 299, 301 
<»sliinalion ol hv<lr<)g(»n ions by, 17S, 
297, 29S 

holubilil i<‘H of, ()3<) 
lit iliznl ion oi, to (l<4(‘iimn(* UMielion 
oi t Issues, (531 

liaiigo, |>io(hi<‘l ion oi, lioin indu'an, (5(52 
Indole, 192, 205 

('liect oi admiiiisiiniion of, (5(52 
Iiidol<*-aniiiio<-pio])iom<‘ aeid, 137, 150 
S<*<* also 'Ti vpiophniH' 

Indoli'-gionp, 1(50 

pi odiK'i ion oi, (5(53 
radical in lliyioMii, 127 
Indolidhylamine, 201, 20(5 
Indoxyl glucuronali^ 71, (5(52 
Jnianiile cv<*l(» of growth, ,533, 531 
Infants, aililuaal riu^ding ol, (599 

form of ciiive ol growth of, 517 
giowlh of, 52S, 533, 534, 54(5, 517 
h('al^)iiti)iit of, (599, 700 
inlliKMice of br<‘ast-f(»(*<lmg on growth 
of, (599 

Infc'ci.ion, defense of tissues against, 411 
rise of Hi^rum-globuhns m, 377, 379 
Huseeptibihty to, 014 
Infraprot.(»inH, 138, 143, 2(50 

from (*asein, 243. See also l^iranu- 
clein. 

Infra-r(Ml radiations, 491, 492 
Infundibulum of pituitary body, 215. 
S(»e also Iht.uitary gland. 


Infusoria, 331, 548-550, 553, 555, 657, 
558, 561, 562, 564, 666, 574, 675, 
677, 614, 616-619 
autocatalyst shed by, 661, 552 
influence of volume of culture med- 
ium upon rate of division of, 559 
Inheritance, 201 

of color-blindness, 386 
cytological basis of, 667 
of differences of reproductive rate in 
paramecia, 566 
of hemophiha, 386 
of thy»>id disease, 433, 434 
of variability, 567 

Inhibitive factor m ^owth, 540. See also 
Growt]^ retardation of. 

Injury, effects of, 644 
Ink-sac of cephalopods, 409, 466 
Inorganic environment of protoplasm, 
348, 349 
foodstuffs, 34 

salts, action of, on living matter, 349 
coa^lation of proteins by, 343 
coniDination of proteins with, 
360, 367 

olTect of deficiency of, in diet, 
609 

on diastase, 411 
on osmotic piessuro of pro- 
teins, 341, 342 
on peirneability of cells, 
361-364 

on swelling of gelatin, 345 
influ(‘n(*o of, on motility, 363, 
3(54 

mutually an (.agonistic pairs of, 
357 

pi'in usability of cells foi, 329 
of fc*rtilization inembiane 
foi, 52(5 

to^cKuty ol pure, 359, 3(>1 
substrate's ol giowth, 591 
Inosinic acid, 191, 195, 196, 251 
Inositol, 103, 105, (500, (516, 6lS 
1 d<*iiv(*(l fiom the hydrolysis of tethe- 
lin, 106 

h(‘xaphosphat.e of, 105 
oxidation ol, 104, 453 
K'actions of, 10(5 

Inaccta, 73, 351, 466, 469, 47(5, 4S4 

cfTectiS of abnormal clic't upon, 611 
cxoski'lclion of, 97 
muHclGS of, 499 
production of waxi's by, 125 
InsecUvo^a, duration of life of, 587 
Insoluble globulin See Euglobulin 
Insulin, 464 

Intelligence, impairment of, in myx- 
edema, 425 

Intercostal muscles, respiratory move- 
ments of, 406 

Interface of oil and water, 254 
Intermediate metabolism of carbohy- 
drates, 439 
of fats, 447 
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Internal frKftion. Sf<! ViwoHily. 
phtiHo of 

Morrei.ioii, glnndH of Set* Kn<l<»erine 
orgaiiH. 

HoeretioiiH, 201, 213. See uIho Ilor- 
months. 

infhienet* of, on hear<-l>eii1, 475 
work in iniiKe.ks 440 

InlerHtellnr Hpaee, t ranHiniHHion of hae- 
t(*rial Hport's Ihrtmgh, 43K 
InierHtitml tismuN croHHing ov<*r of, 420 
of ovary, 410, 470, 5«0 
of U'H<eH, 4 IS, 570, 5S0 
IntOHi-inal baei(*ria, tligOHlion of et41«IoHC‘ 
by. 251 

effeel. of, on eholt'Hft*!^)!, lOS 
pulrefatMioii (Uie to, <102 
e])it.lu4min, niotiifieation of migarH 
by, 250 

pern leal )nity of, for water, 353 
Heleetive alisorption bv, 30, 250, 
2(i8, 2(«), 0S)2 

ftlandn, a<*t.ion of Hoeretin upon, 417 
niu(‘owL, aetivation of trypKiuogen 
1)7, 410 

argiiuuKi in, 050 
<*x<*rt4,ion of ealeiuni by, 4 i 
nuclt'UH in, 105 
putrefaction, 071, 0t)4 
HtaHiH, 2($2 

output of in<li<*an in, 002, 003 
worniH, 21<l 

IntCHtine, abHtjrjition from, 272, 325, 320 j 
of aiuineH from, 204 
of auuno-aenlH from, 204, 205, 
59 4 

of bile HaltH from, IIS 
of iron from, 40 
of Huline eathartien from, 355 
of toxie pioduetH from, 573, 57 1, 
570 

of water fioin, 351 
iimino-aeul content ol <*i>itlielium oi, 
433 


anti-trypKiu in tisHues of, 210 
bacteria in, 453, ()()<) 
bacterial tlecoinfioKition in, 274, 573 
changoH of clioI<‘HteroI in, 1 1 1 
contraction of irmect-, 351, 352 
de(*oinpoHition of ehlonipbyll by bac- 
teria in, 071 

of erentine by bacteria in, 053 
of glyecro-imoHphone. acitl in, 
128 


(ligCHtion of proteinH in, 203 
cliKcharge of tdiynie into, 248, 413, 
414 


effect of aininoH upon, 213 
fei mentat.ion in, 433 
foi matum of toxic proteono in ligated, 
008 ' 


influence of ergamino upon, 200 
ligated, absoiiition from, 202 
Ions of (>pti(*al rotatory power by glu- 
coHC in, 80 


liitcKtine, loHM of weight c»f, in wlurvii- 
tion, 5<I8 

inucouH Ht»<*retionH <»f, <108 
production of hiatuniiiic in, 20S 
of iiu4baiH*by bacteria in, <157 
of Hccrctin l>y inucciHa of, 415 
of tyraminc in, 2tMI 
putr<»faction In, 272, 433, 003, 0<MI, 
0<i8 

reduction of chole8(<*rol in, 112 
tonUH of, 09 \ 

InlravaHcuInr clotting, 3S2 
InuUn, 70, 90, 93, 9 1, 453 
liudinnHc, 9 1 

Invariance of environment, 314 317 
of reaction of blooil, 301, 3tl5, 313 
InvcrKiou of canc-HUgiir, H3 
of Mtruclurc in jellieH, 330 
Invertaws 84 80, 221, 235. 238, 219 
lu*at imudivation <»f, 235 
hydrolyKia of cnm*-MUgar by, 225 228 
propc*rt i<*H of, 222 

n^activation of heat inactivated, 231 
temjierature-coeOicieiit of act!vtt> 
of, 479 

Iiivert<*brHtcn, glycogen in, t>5 
Involution of thyimiN, 119 
of uteruH, US, J 13 

creatmuria during, 21! 

Iodi<li*H, 53 

acceleiation of in<*tuinorpIiohis b\ , 
429 

remedial elTecf m thyroid dtsfiiM*. 
592 

Icaimc, 53, 04 

almorption of, bv falH, 123 
aceeleration of mctiimoiphosis b\ , 
429 

in ccMl-liver ml, 123 
conf<*nt of tliviotd, 125 
of tliyr<»\in, 127 

etb*ct of, m (liaves’ di.sease, 131 
<*\ei’c‘tinn ol, 592 

hyiaaplaNia <if thvroid caiisrd Iin 
lack of, 132 
loHH of, m feccH, 133 
in mariiH* alga>, 307 
iicccHHity of, III <lu*l, 591 
number of fatn, 123, 250 
of phoKpholipniH, 127 
of (I'tlielin, 018 
r<*aetion for adnaialtne, 215 
m KpongeN, 141 
tent for Htarc*h, 93 
in thyroid, 307 
lodothyrin, 425 

Ionisation, dcjiendcnce of precipitating 
iww'cr on, 170 

efiect. of, on OHinotic prt*HHUrc, 282 
of fatty n(4dH, 339 

of nroUaiiH, 181, 187, 332, 343 345. 

See also lOlcct roly tic iiiaHociiition. 
of Bubstancett in tiaMUe IluidH, 277 
of Hubatnite, in/lueiice of, iifHin hy- 
droIysiH, 23<1 
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louH, 5rifhu%nco of viHcoHiiy upon mobility 
of, 

pormoability of Uhhuoh for, 301 
proton, 34/5 

IriH, dilation of, duo to adrenaline, 412 
infUicnee of erffaminc upon, 207 
of indolothylanme upon, 200 

Iron, 45 

ubHorpt/ion of, 46 
ud<lition of, to milk diet, 600 
julminiBtration of, in anemia, 396 
anemia caused by deficiency of in 
diet, 691 

asHOciated with ncuclooproteins, 
141 

in cod-liver oil, 123 
<M)nc*(*ntration of, in blood, 376 
content of hemoglobin, 186, 341, 390, 
393, 396 

of foodHiulTH, 48, 49 
<‘x<*rotion of, 45, 591, 610 
irritant acM.ion of Kalts of, 45, 48 
in ifilotogenin, 4<)S 
in plant tWHiies, 4()6 
Kalis, inn(i<ai(‘(» of, upon porrnoabil- 
ilv, 362 
sulnhide, 46 
utilization of, 50 

Ill’ll ability, <*lTe<‘t of ('aloiuin upon, 
352 

removal of <*al<*iuin upon, 356 
<‘nhan(‘(*iiu‘nt of, liy removal of eal- 
eium, 351 
of inuH<*le, 195 

inltiKaiec* oi saltH Uf)on, 340 
ol n<‘iv(‘ lilxMK, 120, 135 

i<‘du('(ion oi, by ealeiuin 
.s.ilih, 131 
oi ulnii.^, 122, 121 
Iiiilaiit action oi salts oi non, IS 
ls< hi’inia catisril bv ii<li cnaliia*, 110 
lsl<‘ls oi Lanf;<’i bans, 150, 151, 150, 157, 
103, l<>l 

IsoaiMvlaminc, 20 1, 205 
Isoainvl isoval<*ial(’, 29(> 

Isobiil ylainiiK’, 201, 205 
Isodvnainic values of loot Isl nils, 1 1 1, 6S3, 
OS 1 

inappli<*abilil V of pi inciple of, to 
))io((anH, 0S5 

liinilal ions ol prmeipb' of, <>S0 
Isolaeiosi^ SS 
IsoIeiK'im*, 1 IS, 201, 201 
Isoleueylvaline, 15S 
Isohnofianie acid, 124 
Isomallose, SO, S7 

bydrolvHiH ol, 242 
svnlh(*sis of, irom glucose, 241 
Isoinannitol, <lilaurat(^ ol, 255 
Isomorphism m hemo>;lobm crystals, 397, 
100 

IsomorjOioUH salts, toxic.ity of, 34S 
Isopropyl alc<)Uol, excretion of, 71 
Isotonic solutions, 2S5, 2H6, 289 
Ivory, substitute's for, 141, 709 


J 

tlAFKia’s reaction for creatinine, 212, 655 
Japan wax, 125 
Jaundice, 118 
Jocorin, 131 

inhibition of clotting of blood by, 389 
Jejunum, 46 

absorption from, 263, 272 
production of secretin m wall of, 414 
Jellies, conductivity m, 332, 333 
diffusion m, 332, 345 
elastic recoil m, 337 
electrostatic tension in, 344, 345 
fixation of, 337 

formation of, m fruit syrups, 73 
formed by pectin, 92 
inversion of structure of, 336 
osmotic pressure in, 337, 344 
physical characteristics of, 627 
stability of, 337 

stratification of j^rocipitates in, 339 
structure of, 334-337 
swelling of, 342, 497 
Jelly-fish, mineral <»omposition of, 292 
rhythmic contractions of, 351 
Jensen tumor, potential iinmoitality of 
the, 575 

Joints, deposits of line acid in, 659 
Juvenile cycle of growth, 533 


K 


Kan<uim)(>, crystalline form of hemo- 
globin of, 39S 

piecipitm leaction with blood of, 369 
Ke])hir yeast, lactase in, S7, SS 
Keiasin, 100, 101, 213 
Keialin, 131, 150, 160, 267, 709 
Keiatitis S<‘e Xeiophtlialmia 
Ktnalomalacia See X(»ropht,hahnia 
K<Mnplasma-i elation, 553,561 S('e also 

Nucleo-cvtophisiuK* lat lo 
Keb) foiin oi p(‘i)tide hnUaf^e, 171 
Kelogenic const it iK’iils ol diet, 461, 163 
substan<‘('s, 6tl 
vahi(‘ of ptot(‘in, 163 
Ketogenic-antiket-ogenic latio, 461, 463 
Kefonuiia, 451, iriti, 157, 460, 463, 4(i4 
* lollowing (lepiival of mineial const it- 
llenfJ^ ol tlict, 592 
Ketosc's, 60, 61 

oxidation of, 67 
loac’tions ol, 66 
Keiiosuria, 75 
Knlncy, 32, 36, 261, 292 
cerebioHides in, 100 
cholcsteiol in, 107, 259 
dccom]iosit-ion of phosphoric acid by, 
12S 

elTtii't of adrenaline upon, 410 

of stamulating splanchnic nerve 
1 upon, 411 
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Kidnoy, elimination of aci<l plioHpIia<<*H , 

by. :m 

of l>i(Mirbonat(‘H by» .**()<> .‘iOS 
excretion of (•ulcuim by, M 
of <liHacjcharicl(»H liy, ;i4J) 
of oxo(‘Hs of Kbi<*oHt‘ bVf m kIuco- 
heinia, 4i9 
of iron throuKh, 45 
of nrtw by, 54 S 
of urics a(si<l by, 050 
excretory activity of, 20i< 
formation of luppuric acid l>y, 0(J4 
hypertro}>hy of, caUHcd by thyroid 
udnuniHtnii.iou, 420 
imponnoabilif.y of, for autocatiilynt, 

influence of orp;ainine upon, 207 
loHiouH of, (lue to liypcrt«‘iiHion, 2()(J 
loHH of woiKht of, in Ht^iryat-ion, 55H 
mainlisnance of neutrality of lilood 
by, 299 

meohaniHin of weciretion of urines by, 

tm 

muiloaHe m, 195 
pentoHCH in, 74 

penueability of, for ghicow*, 44S 
for uric acad, 050 

regulation of environiiu'ut. by, 314, 
315 

seloctivo excretion by, 39 
Hphingomyelin in, 130 
trKuiHc in, ((58 

water-Holublc aeeoHHory in, 001 
KittcnH, cfTeet of deprival of fat-Holubl<‘ 
a<!<*.eHHory ui)on, 503 
experimental ri<!k<*(*« in, 13 
Krauwe’s membrane, 498, 500 
Kynurenui a(‘ul, ()57 


L 

La<ioahi^, 52, 455, 455 

influenee of teinperaf un* upon, 381 
Laebilbuinin, 152, 189 

ammo-acKl eonHt.itution of, 59S 
correction of chificK'iieu'H of S 5 (»m by, 

597 

cfliciency of, m mippoiting growi.h, 

598 

percentage of, m diiTer<»n(. milkn, 599 
Lactiuse, 85-88, 238, 2*18, 249 
Laetation, effeel. of, on H<TUin protein 
ratio, 380 

prolongation of period of, 59 1 
requirement of cakwurn during, 44 
T-iactcals, fat in, 252-254 
Lactic acid, 40, 71, 252, 445, 454, 457 

formation of uric acid from, in 
birds, 657 

influence of, upon pepHiii, 230 
oxidation of, in diabolK^H, 452 
perfusion of muse.los with, 495 
prodiie.tion of, in fatigue, 447 
from glucose, (tO 


La(*ttc acid, pio<lu<(i<in (>f, from pn»- 
pionie acid, 159 
in mUN{*ular 1 ihhuc, 29S, 19 1 
195 

Ht imuhdmn of renpirntory e«*n- 
lor by, 498, 529. 531 
in urine, 445, 517 

of hibc*riiuting unimalH, 5 15 
Laetone structure of sugars, 7<1 
La<4.osa»one, 55, 87, 88. ,See also Plaaiyl- 
laetosa/oms 

Laet^>s(^ 41, 59. 75, 87, 88, 97. 219, 259. 
Hoc also Milk sugar, 
aetion of baeteria upon, 19 
hydrolysis of, 238 
hI rueture of , 88 
toleranee of diab<4ies for, 153 
Lag-t8*riod, 518, 549, 551, 555 55S, 555, 

iMmifiaria^ 351, 352 
Ivunolin, 255, 259 

abstkrption of watery sohitioiis by, 
115 

ehol(*sferol eHf<‘rs in, 111 
Lard, 43 

(^(TcH*t on n^gi'iieration of !ieni<iglobtti, 
50 

fa! -soluble aee(*SM»r\ in, 591 
prev(>n(ioti ol lU'UetM by, ii93 
Laig(» mt('s!m<>, a!»Hoip(ion (»1 
from, 271 

(‘Xetc4ion of non b\ , 15 
Latent |>eiiod, teiiip(*nit un* r*)el!irieiil ol, 
482 

Laurie a<'id, 125, 255 

oxalation of, 159 
Lavosin, 91 

I^ead a(*(4at(S precipitation ot pioteni i)\ , 
135 

aetion oi, on <irying oils, 121 
poiHoning, scrum pioteins ni, 379 
iiru'cmia in, 559 
salts oi fatty acais, 121 
toxicity ot salts of, 319, .3r»7 
Learning, <Mirve of, 535 
Least s<iuart^s, na^htMl oi, 2fi 
L<»aves, abs<*n(’e of fat soluble acc(‘sMtii\ 
from, 593 

antiseorbutic in, 597 
eaiH^-sugar in, 82 

eoinbination of earbonn* acid ^\ith 
ehlorophyll in, 492 
fat-soluble a(*et»ssorv m, 591, 592 
formation of formaldehyde m, 1S9 
invi^rtase in, 221 
photoHynt.hesis in, 487 
sugars in, 493 

L<M*ithi«, 99, 125, 127, 204, 212, 381 
absorption of, 259 

association of bios with, 559, 512, 5 13 
in blood, 258, 259, 375, 455 
diBUppcarance of, in dev(4opmen(, 
521 

in nuclear synthesiH, 525 
effect of, on hemolysis, 129 
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Lcu'ithin, <»rnulHin«Htion of cholostorol 
by, lOS 

f ;hicoHi<lo of, 130, 131 
lyclroIywH of, 250, 614 
infltionoo of^^on^g-owth, 269, 686, 

of canocr, 614 
luminoHconcc of, 469 
o(«}iirronco of, in tiHSues, 128 
in protoplasm, 319, 321 
Holubihty of, 128 
in biloHsalts, 116 
synthcHifl of, 258 
Locituin-cholostorol ratio, 269 
Lo(}ithoprotoin», 137, 142, 143 

accoloration of clotting of blood by, 
381, 388 

in bloo<l-plat(dotH, 376 
in blood-Hcrum, 189, 377 
I j(M*<?h-oxt.ract, 34(5 

infhu^iKO of, on iiroduction of 
lyrniihs, 403 

IjCmiioh (*.urativ<‘ aci.ion of, in scurvy, 

(507 

lii^moiiH, antiHcoibutic in, (508 

iil)Hon<*<* of iat-Holiiblc ac<‘OHHory 
in otiolatod, (>01 
non in, 49 

utilimiion of colluloflc in, 261 
b<Micin<‘, ()9, 148, 161, 1(52, 204 
unhydiidis 164 
in blood, 2(54 

<l<4oxim(ion of ul(iaviol<4. light by 
Hohitions o(, 487 

diiic<*(ic iicnl (l<*iival)l<* fioin, 461, 
1(>3 

oi, on histainino pioduction, 

203 

<'nhaM<*<*rii<*n( ol licat-oiil put by, (iJ^O 
in in iix', (>(>1 , ()70 

/w n( 1st ns tlt>hultj^ 2iS 1 

I iiMicvl-alaninc, 168, 239 
liOiK'vl-diglyi vl-glv<*in<*, 16(5 
liOiK’vI-glutainii’ acal, 239 
biMirvl-glycinn, 239 
bon<-vl-grv<*vl"giv<*»n<‘, 16(5, 239 
lAau'vl-group, 166 
I j<‘Ucvl-isoh(*i ini*, 239 
i^(Micvi-l(*u<*in(», 16(5, 239 
LiMicvl-proIiiH*, 239 
LciK'vl-trigIvcyl-tyroHiiic, 168 
Lcucyl-lyroHino, 239 
bcukcinia, ailonino in uruio in, 196 
un<!-aci<l output in, (566 
Lciiko<\ytoH, 4(), 373, 376 

a<‘cnloration of clotting of blocxl by, 
381, 383, 384 

d<‘f(«iH 0 against infection provi<lo<l 
by, 41 1 

glycogen in, 97 
reduction of, by benssone, 380 
L(»ukocy(.oHis, 379 

Lovulinic acid, 64, 191, 190. boo also 
Aeetylpropionic acid. 

Ixivulosan, 94. Hoc also Insulin. 


Lovuloflo, 61, 69, 76, 82, 83, 86, 89, 249, 
250 

alimentary glycosuria after adminis- 
tration of, 448 
derived from inulin, 94 
distribution of, 76 
in leaves of snowdrop, 493 
mutarotation of, 79 
oxidation of, 67 
tolerance of diabetics for, 453 
Levulosuria, 76 
Lichenin, 96 
lAchenSj 95 

Liebermann-Burchard's reaction for cho- 
lesterol, 110 

of cholesteryl oxide, 112 
Liesegang rings, 337, 338 
Life, duration of^ 663, 571-575, 587, 588 
Lifschutz's reaction for cholesterol, 111 
in gall-stones, 114 

Light, absorption of, by protoplasm, 486 
curative effect of, in rickets, 44, 604 
emission of, by livmg tissues, 468 
inactivation of enzymes by, 235 
mduence of color of, on photosyn- 
thesis, 488 
on life }>ioeessos, 483 
sensitization of tissue to, 486 
Light-prcssuie, 315 
Lignifi cation, 92 
Lignm, 92 

Lignoccric acid, 101, 130 
Ijime, 40, 376 See also Calcium 
Tjime-watoi , addition of, to milk, 42 
Limes, antiHCOi hiitKi in, 608 
Limii/ation of giowth See Bodily di- 
inensions, limitation of 
Ijtrnulu8, 476, 481 
polyphemuSt 292 
Line, drawing of, (533 
Linoleic acid, 124 
Ijiuoleinu* acid, 124 
binsixMl oil, 13, (503 

coinpositiion of, 124 
])i Opel ties of, 123 
sitosteiol in, 111 

bipuse, 126, 12(5, 224, 236, 238, 240, 262- 
255 

aitihcial, 70(5 

catalysis oi action by ncinolcK! acid, 
495 

cheniuMil nat.urc of, 223 
c‘ffectof, on lecithopiotein, 143 
hydiolysis ol phosiiholipins by, 127, 
259, 614 
in pancreas, 464 
splitting of lecithin by, 259, 614 
synthetic action of, 242, 243 
Lipemia, 257-259, 455 

blood cholesterol in, 110 
Lipins See Phosphohjiins. 
Lipochromes, 601 
Lipoids, 126 

m blood, 465 

combination of, with proteins, 377 
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Lipoidn, of, on Hurfiico tension, .‘i20 

omulKi fixation of cihol<‘Htc*n)l by, 010 
in proliOpbiHin, •)28, 8(>2,0I0 

cmulHion of, m })rotoin HoIutioiiH, fbSO 
in norvouH influon<«‘ <»f, on 

growlih, 

non-^intig<MH(s oharaotor of, 370 
in protoplanm, 245, 319, 321 
ornulHifioaUon of, 328 
]:>ormoabilily of, 327 
solubility of carbonK* acid in, 330 
of fatty ac.ids in, 330 
solvoiits, permeability of cells for, 
328, 329 

influoncc of, upon p<?rineability, 
304, 3(55 

in Hupraix^nal coH^»x, 409 
in Burfaco lay<‘r of 330 
Lithium, 52 

nionourat.o, Holubility of, 000 
salts, influenno of, upon ;)crin(»abil- 
ity, 302 
Tjitmus, 410 

Liver, 249, 263, 254, 250 

amino-acids in urmc in d(»gon<Talioii 
of, 001 

arginaso in, 050 
catalase, in, 407, 408 
cerebrosuit'H in, KM) 
cholestciol in, 104, 107, 1 10, 250 
comlition of Iiponls in, 321 
conjugation of pbc>nols in, 003 
conversion of cystine into taurine in, 
069 

(learn inisation in, 208 
deconiposition of (‘holesterol in, 108 
of glycero-phoHidionc acid in, 
128 

of uric acid in, 058 
diastase in, 41 1 

effect of ndnuiulinc uiion diaHtus<» of, 
412 

of dog(‘ncrat ion of, on ur(*a-out- 
piit, (519 
of injury to, 381 
on rcgciu'ration of lu'inoglobin, 
50 

cxtii patioii of, m birds, (54t), (557 
foirnation of ur(*n in, 2t5(5, 435, 048 
glycogim in, 95, 9(5, 245, 249, 250, 
251, 430, 439, 149, 452 454 
glyoxalas(* in, (500 

)iyp('rtroj>hy of, causod by tliyroid 
adznmistiation, 429 
incnvise of out.mit of urocrytlmn m 
diH(»as<is of, 071 
iron contxMif. of, 45, 40 
lecithin of, 128, 130, 384 
liberation of glucose from, 267, 448 
loss of weight of, in starvation, 5(58 
manganoso in, 52 
nucleus in, 195 

output of urobilin in diseases of, 071 
oxidizing enzymes in, 465 
pon(.OBCS in, 74 




Idver, perfusion of, with b\ dro\yliuf> ric 
acid, 157 

p(*nn(*iil>ili(y of cnpiilartes in. 1(13 
|>o!yttierization of glucose by, 111 
jiro'duction of Obrinogeii by, 388 
spbingoinytdin in. 130 
stinmlation of, through H{itniicbtii(*, 
412 

urieasi* in, 058 

wnter-woluble aecess(»ry in. 001 
liolisters, ehitoNuniifte in sludls of, 73 
Lo(*al an(^H(h<4i(*s, 411 
I^)ek-aiid-k(*y hypothesis, 238 
l^M'ke'H solution, 291 
Longevity. S<»e life, duratkai of. 
Lucerne, fat -soluble ace(»ssory in, 001 
lac^c^ase in, 105 

Luniin<*se(ai(*e, 108. Si^e also liiolutiti- 
nc»sc(»nee. 

of photogi^nin, 109 
Lungs, 31, 45 

eliininntion of earltoii diovnh* bv, 
293, 301, 300, ni. 013 
of methane by, 017 
infliK^mu^ of eriiiazntiu* upon, 207 
leeithoprot<an in, 1 13 
loss (»f weight of. til still vaf loti, 5t»S 
innint(»nnnee of ni*utralit\ i>t Idoml 
bv, 299 

tiansiiortation of os;sgen ftorit, 390 
V4*nliIation of. 100. 107 
hupmuH lutnis, gaiactan ni, ttl 
Lymph, 28, 511 

eompostOon of, 372, 103 
inOu(ui(‘(* oi blood pies'^tiri* on prt»- 
dueOon of, 102, 103 
origin ol, 102. 103 
osmotic piessun* ot, •Js3 
sc'cietion of, 31t> 
lA'tiijibagogues, 103 
Lympbatic V(‘sscls. 10 
LviiipbiiiicM, fat III, 252, 251 
Lyni{)bocvt(\s, ihM'rensi^ ot, due to the 
d<»prival ot water soluble lUMM'.saoi \ , 
OOti 

Lymphoid t issues. ationb> of, due to 
dcpinval of watfu'-soluble ii(*ef"»r40i \ , 
000 

Lysine, 110, 117, 119, 150, 102, lti5, 201, 
510 

in bloiHl, 201 
de(*nrbo\y lilt ion of, 070 
d<4ieiency of, in edestin. 59s 
eKtiiimtion of, 159, 100 
ueeeHsity of, for growth, 572, 595, 
590, 599 
of cane(»r, 015 
in sf urine, 108 
Lysyl-glyeyl peptid<s 158 


M 

Macreputt 369 

giganteuB, 398 
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Magnc%Hium, 51, 52 

(carbonate, formation of, from mag- 
noRiuin in (ihlorophyll and car- 
bonio aoi<i, 402 

(‘.iilorido, aniagonization of, by stron- 
tium ohiorido, 357 
comsontration of, in blood, 370 
in chlorophyll, 492 
nocosHity of, for uniciollular animals, 
e503 

output of, in urine, 44, 355 
roqiuromeni of, to maintain growth, 
592 

salts, anesthetic action of, 348 
cat>hartic action of, 353, 355 
fusion of cU^avago colls caused 
by, 526 

glycosuria induced by, 52, 294, 
356, 448 

influ<'n(‘(‘ of, upon permeability, 
3(>2 

in Hea-wat(‘i, 293 

Hulphah', I'oiigulation ol protein by, 
135 

in liHSiH' fluKls, 292 
Mainl('nan(*e ol 2S(> 

iU(4abolmin S<hj liasal metabolism 
Maizis al(‘ohol-sohibIe protein m, 596 
biological value oi piotoins oi, 693 
lat-Hol\ibl<» ac(*eHHory in, 601 
proliMiiH m, 137, 110, 162 
Mu fa Mf inn ado, 285 

Malachite giccn, ph<)l.osynt hesis by, 491 
Mahlcvcloimicmt, ougin of, 51 
Malic aei<l, t<»6 

Malignant tuinois S(*c Oaacer 
Maliiut I it ion, 15 

<hi<* to (h'i)iivnl of ant is<*oibut 1C ac- 
C<*^M>!V, 608 

ol lat.-solul)li* jiccchhoi y,6()3 
to loss oi cliloiid<‘M liom bo<ly, 
592 

oiigm oi, 51 
Malt <‘\t!acl, 13 

pi(*v<'nlion ol iickcts by, 603 
walci-solublc a<'c<'Hsoiv in, (»t)l 
Maltasc, 85, 86, 238, 2 It) 

svnili<‘si.s oi <lisac<*harid<‘s by, 211 
Malthus, law oi, 3 Hi, 317, 578 
Maltosa/on(‘, 65, 85, cS6. See Phcnylinal- 
tosazoru* 

Maltose*, 85 88, t)l, 95, 1 15, 2*11, 2*18 
caloriiic value of, 678 
<l(»nv<*d from gly<w)gen, 95 
liom staieh, 94 
hy<lr<)lysiH of, 238 
m lcav<»H, 493 
synt.hesiH of, 86 
t<)l<»ranc»(» of diabetics for, 453 
MannmUm, 282 284, 291, 293, 314, 368, 
510, 584, 698 
Mammals, growth of, 520 
life <luration of, 587 
Mammary glands, development of, 419 
extirpation of, 87, 260 


Mammary glands, formation of milk'in, 
257 

hTOcrtrophy of, 421, 422 
mfluence of pituitrin upon, 215 
proteins manufactured by, 189, 
380 

requirement of calcium m activ- 
ity of, 44 

Man, bodily temperature of, 232 
composition of blood of, 291 
of milk of, 699 
creatine in muscles of, 211 
development of, at birth, 630 
duration of life of, 587, 640 
energy consumed in doubling birth- 
weight of, 702 

freezing-point of blood-serum of, 283 
hemoglobin of, 399 
lack of uncolysis m tissues of, 658 
precipitin reaction with blood of, 369 
relationship of, to primates, 369 
total calorific output during life, 573 
utilization of xylose by, 251 
Mandelic acjid, 238 
Manganese, 52 

in cod-livcr oil, 123 
in laccase, 465, 466 
in photogenin, 468 
salts, influence of, upon peiiue- 
ubility, 312 
in tissues, 610 
Mannan, 94 

Mannitol, 66, 67, 255, 286 
oxidation of, 453 
Mannosacchunc* ac‘id, 67 
Mannosaminc, 73, 97 See also Chitosa- 
minc 

Mannosazonc, 63 
Mannose, 57, 59, 60, 62, 66, 67, (>9 
<l(‘iiv(*(l liom matmati, 94 
milt aiotat ion ol, 79 
Maple, 82 
Maigaiiru'S, 257 
Maiiiu* algic, iucosan iii, 70 
iodine m, 53, 307 
Mansu/naiia, 658 

Mass law, (Jiildbcig and Waagi*’s, 178 
Mask*! -reaction ol hemoglobin synthesis, 
51 

pMiKMplo oi, 536, 537, 543 
Maturation of ova, 555 
Mealwoini, iniiueneo ol t-eiiiperatuie on 
basal mi'tabolism of, 476 
Meat, 31, 43 

accessory foodstuffs in, 123 
biologKJal value of piotcins of, (593 
composition of fat in, 462 
consumption of, m diffeient coun- 
iiies, 687 

diet, aggravation of tetany by, 430 
dangers of an exclusive, 694 
digestion of, 273, 414, 417 
effect of, on regeneration of hemo- 
globin, 50 

enhancement of heat-output by, 686 
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Moat extract, 

carnitine in, 210 
oIToct of, on regenorataon of 
hemoglobin, 50 
inoHinic acid in, 195, 190 
nitrogenouK buHcw in, 20S 
prevention of ri<jk(stH by, C03 
gn»trio digcjsiion of, 413 
iron in, 48, 49 

Modium and potaHHium in, 35 
waior-solublo aocewHory in, 904 
Mechanical work, 084. Hoc alno Work. 

origin of energy expoiuled in,9S2 
Medictiffo saliva, 384, 490 
Medulla oblongata, 449, 030 

nwnirntory center in, 405 
Medullary sheath, cholenterol, 103, 107 
OHtorH in, 114 
dogonoration of, 115 

Modullation, development of c(‘rc*bro-| 
sides during, 101 
Melanin, production of, 4(50 
Melanoma, 409 
MelibioHO, 89 

Melting-point of fats, 122, 123 ! 

of waxes, 124 

Membrane-formation in <»ggH, artdi<'ial, 
606, 60(5, 508 

Membranes, forinc^d by pnitcMns, 32 1 
penetration of, 327 
stniot.urc of, 327 
MemoricH, persistcuice of, (527 
Mcmorissation of syllables, 034 
Memory, (526 

mitocatalysiH in rolatiioii t.o, (53 1 
traces, fading of, (537, (539, (540 

fonmit.ion of, (527, (529, (53 1 , (539 
unconscious, (535 

Menstrual fluid, composit.ioii of, 420 
propertHSH of, 421 
Monstriiationj 420 

creatinuna during, 211, 418, (554 
Menthol, exe.ret.ion of, 71 
M on thyl-(l-man<lolat(*., 238 
Mcrea|)turio acid, (570 
Mercuric chloride, influoiKu*. of, ujion 
Htruct.urc of protiun jcdlies, 
334, 330 

precipitation of prol,ein by, 135, 
368 

reaction for adrenaline, 215 
Mercury, protein Hallrf^ of, 47 

sallis, (‘orrosion of tissue by, 48 
toxicity of salts of, 349, 3(57 
Mesentery, platelets in cupillaru^ of, 375 
Mesoxalic? acid, 40(5 
Metabolic chang<^.H in nerve cells, 481 
fibers, 481 

rate, 568, 570, 571, 697, 700 
of nervous tissues, 5(59, 573 
Metabolism of bacteria, 710 
of <talcium, 434 
of carbohydrates, 464 
oheznical regulation of, 424 
control of exogenous, 680 


Metabolism of <*reatini*, 135 
I dcMTeiiHC* of, in oM age, 579 
I <iepi«idf*riei* of heart-iMMit 175 

dint urbane!* of, following *i<*priviil of 
Wfiter-Hotubk* a<M*esKorv, (59(5 
efTec*t of urscMiie upon, 3 59 

of parathyroidectomy iip«in, 135 
43(5 

of eunuehs, 41H 
exogimous, (512 
in (Sraves* disease, 139 
inereaseof, in i^arly growth, (59S 

in hypenietivily t>f thvroid, 5S9 
influence of temperature upon, (519 
of thyroid upon, 125 
iaterm(*dm(.<*, <»f enrhohy*! rates, 139 
of fats, 4 17 
nitrogemous, (58K 
pc*r unit of surfae!*, (MM5 
produ(*ts of, 298 

of protein in musetiinr tissue, 112, 
4 13 

of purin(*s, (557 
stiniulalion of, 1597. <59S 
by protein, (55»0 
by tliyrohi eslniet, I2S, (599 
of sulphur, (5(59 

waste pr<»due(s of, (Mis 
of tisHiu^s whieh sufTer l<*nst evtc*ii- 
sively from starvation, 5t5s 
total, 515 
types of, 5 52 

variation of total in diften^nt aiiuintlH, 
im 

Meta-<*r<*HoI, (11(5 

Metals, oxidation ol, 1915. .532. .‘>39 
Metamonihosts, arrest of, liv tliMoide*- 
tomy, 5 9) 

indtKMMl bv thyroid, t29 
n»(iirdation of, bv hvp«ipJi vsertoiii\ . 
5S4 

Meta-i>hoHi)hone aeid, pieeipitat ion ol 
prol<*ins by, lH.”) 

Metaprotiuns, 137 

Mefastases, growtli of, (51 1 Soe also 
< !ane<*r. 

ineid<‘n<'e of, (515, 91(5 
Mvtazmi, 183, .53(5, 5 1 1 , 5 55. 553. 5l»1 , 59;i. 

567, 5(59, 571,/>75, 578 
Methane, <»xer<»(ion t»f, (5 57 

prcsluetion of, in mt<*Htmes, 91, 252 
Methemoglobin, 3i) t 

Methyl aeetat!*, hyilrolysis of, 195, l*.M5, 
532, 539 
alcohol, 329 

formation of fornthy<{roxnmie 
aeid from, 49 5 

ethyl carbinol, exeretion of, 71 
furfural, 70, 111 
glycosides, 78 

hydrolysis of, 237 
glyoxaline, (59 
{^on, 331 
indol. Hoe Hkatolo. 
oleatOi synthesis of, 242, 243 
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M<*(.hyl oruuKOi 294, 4 10 
pcniOHOS, 70 

uUliiKHi.ion of, 251 
propyl alcohol, excretion of, 71 
pyrrole. Hoc Ilomopyrrolo. 
phenyl iHOHulphocyanite, 98 
pym)lo, 90, 395, 000 
Methyl-j^uaniclino, 21 (X 435, 436, 443 
a<‘.eti(} acid. Bee Creatine. 
erro(tt.H of administration of, 436 
Mot.hylphenylhydrazino, 62 
Methyluracil, 192. See also Thymine. 
Mi<‘e, abno^ition of iron by, 46 

administration of thyroid tissue to, 
430 

<lovelopmont of, at birth, 630 
<luration of life of, 587 
j^rowt.h of, 545 

immunity of, from sciurvy, 609 
incid<»nc(* of cancer m, 010 
in(lu(‘n<*(' of lecii.hm upon growth of, 
OM 

of pituitary (anterior lobe) tis- 
HUe upon growth ol, 585 
<»I f(»lhelin upon growth of, 619- 
(i22 

nutrition oi, 41 

phoMphoiiiH ro(|uirenientH of, 53 
H(Miesc*eiie(» iii, 571, 572 
Milk, 13, II, 52, 324 

nn'esHory foodHt.uffs in, 123 
aiK^mia <‘auHC(l by diet oi, 501 
aiit.iseoibut.K' in, OOS 
biologKSMl value oi piotinns oi, 693 
enlcMUrn in, 10, 11 
<*MM*in m, 133, 3()S, (>(5.5 
elu*nii<‘ni t(»s( foi ii(*siin(^SK oi, 102 
<4io!es( eiol in, 107 

eo.iaiiljil ion ol, bv K'Hiiin, 221, 220, 
232, 271 

coinp;!! ihon oi, with colosi i iiin, 121 
(oinpohilion ol, horn (liii<‘i(‘nt ani- 
mals, ()9S 

<li<M, ;ui<lition oi non to, t>()() 

pio(iu(*t ion oi atnnni.i by, t<>, 18 1 
oi (lilicKMii animals, eoinposit ion oi, 
(590 

iligiNstioii oi, 27)1, 11 I 
<*ii<*el oi, on i<‘g<‘n<Ma(ioii oi luanoglo- 
l>m, 50 

ia(.-Holiil)l<‘ aeeiNssoiy in, (502 
fluoiine in, 52 
iorrnai.ion of, 2.57 

iniliKMice oi pituit.rin upon Hoeretion 
of, 215 

iron in, 48, 49 
iae.t.albumin in, 598 
laci.oHO m, 87 

minenil constituent.H of, 592 
modification of, for mfantr-f ceding, 42 
osmotic jiresHuro of, 283 
pro(.ein-lreo, 595 
proteins in, 162, 3289, 380 
riek<s(4r^ induced liy inado<iuate allow- 
ance of, 003 
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Milk, saline constituents of, 592 
secretion of, 421, 422 
sodium and potassium content of, 39 
sterilization of, by ultraviolet light, 
483 

sugar, 40, 76, 87. See also Lactose. 

calorific value of, 678 
temperature-coefficient of coagula- 
tion of, by rennin, 479 
utilization of waste, 141 
water-soluble accessory in, 604, 606 

Millon’s reaction for proteins, 135, 136, 
167, 388 

Mmeral composition of blood, 375 
of blood-sera, 292, 293 
of environment, 348 

regulation of, 315-317 
of erythrocytes, 366 
of muscular tissue, 366 
of sea-water, 293 

constituents, permeability of cells 
for, 329 

of protoplasm, 692, 693 
of tissue fluids, 291 
of vegetables, 694 

envnonment See Inorganic envir- 
onment 
foodstuffs, 34 

requirements of animals, 39 
of plants, 593 
of unicellular animals, 593 

Mistletoe, ey closes in, 107 

Mitosis, 553 

Molasses, b(4o,ine in, 209 
rafftnoso m, 89 

Mole(‘ular })henoinona, tompenituie-co- 
eflieuinl. ol, 471 

solutions, osmotic jnessuio of, 282 
wiMght oi casein, 169, 186 
oi edestin, 1(57, 168 
oi iK^noglobin, ISO, 340, 341, 
:m, 394 

oi <>(‘1adecapept,id<‘, 157 
ol protaimn(\s, 186 
oi seiiim-globulm, 390 
Moliscli’s (i»s(. loi caibohydiates, 62 
MaUmvn, 52, 31 1, 31(5, 34(5, 3(55, 390, 506 
Monac(*tin, 329 

Monkey, eflc'ct. of depiival ol accessory 
factors on, (>()(> 
uiicolytic index of, 658 
Monobrombenzene, eystimiria caused by 
(570 

Monochloi benzene, cysliinuiia caused by, 
670 

Monoglycerides, 120 
Monornolccular reaction formula, 532 
Mononuoleotids, 195-200 
absorption of, 251 
Monosaccharides, 56 
derivatives of, 70 

distribution of, in living tissues, 74 
Monotremes, 283 
Monourates, 656 

solubihties of, 660 
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MonHtroflitio>i. fonnation of, 525 
Mooro/H tost tor oarhohydratoH, 02, 60 
Mosaio law, 38 

Motility of baotcriii, ncocHHity of oxygon 
for, 48S 

influoiico of oaloiuin procipitantn 
upon, 363 

of morganio HaltH upon, 303, 
304 

MouIcIh. Hoc Fungi. 

Mountain HicknoHH, 307 
Moving-picturo filiiiH, (mihcuu uwhi in 
manufactures of, 709 
Mucio acid, 07, 73 

catalysis of, hydrolysis of can<»-HUgar 
by, 495 

oxidation of, 453 
Mucilages, 90, 709 
Mucin, 73, 97, 142, 267 
hydrolysis of, 102 
Mucoids, 73, 97, 142 . 
Mucoitin-sulphurio acid, 102, 142 
Mucous scenstions, 142 
Mule, crystalline fonn of homoglohin of, 
399 

Multicellular organisms, 22. Hoe also 
Metazoa. 

coonoraiion in, 28 
evolution of, 293 
growth of, 548 

Multiplication, ac.ci^loration of, by yeast 
extract, 557 
of bacteria, 539, 5 18 

influence of ag<» of paremt eul- 
turc upon, .558 
of cells, 539 

accelerative ag(‘nt in, 555 
autooatalysiH of, 518, 552 
following upon injury Ib»- 

gcnoration. 

influence of ehoU»stcrol ujion nit<» of, 
010, 018 

of totheliii upon rat.o of, (ilO 
of infusoria, 502 

influences of chohisterol upon, 
017 

rate of, 538, 549 8ee also Multipli- 
cative rate 

variation of rate of, with ago of par- 
ent culi.uro, 558 
of yeast, 551 

ofTee.t of bios upon, 000 
Mult iplical.ivo capacity, factors which 
determine, 506 
rate, 538, 549, 561, 565 

decrease of, with ago of parent 
culture, 567 

dcpondonco of morphological 
clifFerontiation upon varia- 
tions of, 567 

of inf usona, influence of ago of 
parent (nilturo ui>on, 575 
Multirotation, 77. Sec also Mutarota- 
tion. 

Murex, 192 


Murexide redaction, 192. also Wit la I 
r«‘aet ion . 

(osf for urie iieid, fViO 
Musele <m»11h, permoabilily of, 2S7 
eoiifent of iron in, 15 
eon f motion of, 632 
eon tract ions <»f, eiiuwMi by mot by I- 
guuiiitiiiK*. 

by piirnf hyn»idi*etomy, 131 
en^atine in, 209. 417, 652 
eitrnrixnf ton tif, 031 
tlisehnrge of gluetisi* frttiii, 1 IS 
efft^et of (*aleiuin utsun. 351 

of pure stHiiutn ebloritle upon, 
350 

eifieiency of, 498 
energy cmjjmt of, tU5 
extract, etleet of, i»n liver tNifala^tt*, 
468 

fatigue of, 4tO, 4ltb 417 
protluets of, 629 
tibiT, 498 

eontluetion of stifimli thrtmglt, 
500 

fibrils, 498 

glycogen in, i>5, 96, 139, 1 10, 56t> 
iiiethyl-guanicliiie in, 2Itt, 1.35 
influenet^ of salts upon, .3 tO 
produf‘ii<»n of heat bv, 199 
regiir<l<»(l as a surinee tension engine, 
497 501 

tet animation of, 195 
tonus of, 435, l M), 117, fUO 
Musele-tilasiiia, <‘(mgulfitioii ot, 117 
Museles, loss of weigiit oi, in sfaivattnii. 
568 


nutritive HU|)plv ot , 113 
pentoses in, 71 

permeability ot enptllaries in, 10.3 
Museular aetivitv, iiieieiiHe cif tood le 
<|Uirernent due to, 7*M) 
of output (»r iiioet \ tilt in 
by, 071 

influence of, on heart 4icat, 
475 

of produets of, on coritra**- 
lion, 495 
produets of, 298 
contraction, 17 

ehangiMif elastic t<*usioii in, .500, 
501 

of electric potential III, 199, 
500 


<»f Hurfnee tiMisiou in, Itts, 
, 499, 500. 501 

eheinical ehangi^s under! v mg. 
495 

oonBumptiem of glyeogen in, 441 
energy expenditure in, 439 
beat produetiou in, 499, 500 
mechanism of, 497 501 
tcmpcraUnxjKKiefficient of, 482 
development, inereaMo of protein 
consumption in conseciuence of, 
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MuHCiulur «nor«y, doficionoy of, in dis- 
ordorH of pituitary body, 581, 
583 

origin of, 442, 444, 494, 498, 691 
oxortion, excretion of lactic acid 
after, 647 

influence of, on roHpiratory 
rhytlxm, 476 

roRpiratiOry q\iotiont in, 646 
stimulation of metabolism by, 
697 

movement, codrdination of, 632 
tissue, 28 

amino-acid content of, 162 
derived from, 264 
caialaso content of, 467 
consumption of glucose by, 267 
docoinpoHition of protein in, 444 
i4To<‘.l. of <ail<uum precipitants 
ui)on, 356 

upon irritability of, 351 
eflu'ic'iK'v ol, 414, 445 
on<log(Mi()UH iiietaboliHin of, 653 
enoigv of (‘oinbusf ion m, 497 
iniiKMiil (‘otnposif ion of, 366 
oxulation in, 139 
of glucose, 116 
of lactK* acid, 446 
oxygen requiremcmts of, 405 
peicontage of water in, 278 
i>rot»(uii mct,aboliHm of, 443 
stimulation of, !)y ealcuuiu pre- 
eipit.ants, 351 
iiiH'ji in, 618 

wii(<M-solubl<‘ ii<‘eessoiy in, 601, 
607 

\\ Ol k, 211 

HI lest ol glv<*osuna by, 151 
avniliibilit \ of plot (‘ins foi , 413 
niitoentiil VMS iii p(M loi inan(*e oi, I 
532 

eonsuinpt ion of gl\ eogcMi (lin- 
ing, 95 

ot o\vg(Mi (luring, (>76 
inl1ii(Mi(M‘ of, on enibon (lio\idi‘ 
output, 6 13, (>15 
ol ptodiiels ol aetivity on, 
195 

niti (>g(‘n<)us excndion duimg, 
197 

oxyg<‘n consumption in, 107 
prixluelion of, 496 
protein metabolism during pei- 
formiinee of, 412 
respiratory cpiotiont in, 445, 614 
in starvation, increase of creati- 
nine outi>ut in, 654 
Mustard oil, 98 
MuMuh i* uioa7t.fi, 281: 

Mutarotatioii, 77, 79, 82 
of <wUose, 86 
of hwtiose, 87 
of maltose, 85, 86 
Mutton fat, 122, 256 

properties of, 123 
49 


Mutual antagonism of salts, 356-359 
Mycosterol, 111 

Myelin dnplets, fluid crystals in, 115 
forms, 128 

Mylius*s reaction for cholic acid, 116 
Myogen, 447 
fibrin, 447 

Myoneural junctions, 360, 482. Sec also 
Nerve-endings 

effects of adrenaline upon, 410 
influence of mothyl-guanidino 
upon, 210 

stimulation of, by mothyl-guan- 
idine, 430 
Myosin, 447 
fibrin, 447 

Myricyl alcohol, 125 

lummesconce of, 469 
Myristic acid, 124, 125 

oxidations of, 459 
Myrosm, 98 

Myxedema, 425, 546, 680, 711 

geograplncal distribution of, 431 
origin of, 432, 433 


N 

Nails, protein m, 140 
a-NaphthoI, 02 

exeiotion of, 71 
jS-Naphthol, exeietion of, 71 
Naphiho-rc'soicinal leaetion foi glueii- 
lonie acid, 71 

Naicotics, aiiest ol eaily dovelopnient 
by, 517 

perin(»ability of <‘i41h for, 32t) 
.solubility of, 329 

supi)i(‘ssion of nii(*l(\‘ii division by, 
520 

Naunvn ti(‘af iikmU of dialxdi's, 456 
Nffluius, 129 

N(»gi(> fjilK»s, con, sumption of salt })V, 37 
Nc'oplasms Se(* C'aiic(»i* 

N(‘i)linlis, 259, 695 

jKX'unnilat ion ol uk'II in ti.ssue fluids 
dining, 6 IS 
iKudosis in, 307 
use of stMUin globulins m, 379 
uiK'emui in, (>59 

Nerv<'-c(‘lls, 211, (>27 S(‘e also NiMiions 
chemical stimulation ol, 182 
conduction m, 628 
midabolic changers in, 4Sl 
bunpcraturi»-(‘Oofiicient of conduc,- 
tion in, 028 

Nevve-ccnt.ers, fatigue-products of, (>29, 
631 

Nerve - <M>nducl.ion, t.emi>eral.ure - eoefli- 
cient of, 480, 481 

Nerve-endings, influeiiee of butyl-bclainc 
upon, 209 

of mothyl-guanulino upon, 210 
Nerve-fibers, chemical stimulation of, 
211, 435, 482 
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Norve-fiborH, conduction in, 028 
metabolic changos 481 
reduction of irritability of, by c«il- 
cium aaltfl, 434 
staircase phcnoinonon in, 405 
stimulation of, by calcium jirc^cipi- 
tants, 481 

Nervous activity, autocatalysis of, 034 
control of heart., 475 
impulses, autocatalysis of paswvgc 
of, 629, 636, 638 

system, accumulation of fatigiuvpro- 
ducts in, 637 

application of forinula of auto- 
(iaiialysis to, 632 
canalization in, 620, 620, 636, 
637 

consumption of oxygc*n by, 560 
development of, 586 
integrity of, in «t«irvat.ioii, 568, 
560 

maintenance of a(d.ivif.y of, 545 
metabolism of, 481, 560, 573 
rolationshii) of (lovelopin<*nt of, 
to duration of life, 588 
sulphur compounds in, 660 
tissue, ccphalin m, 615 

effect of calcium uiion iinl abil- 
ity of, 351 
on growth, 015 

hydrogcn-ion concentration in, 

630 

induenco of, on growth, 586 
of salts upon, 340 
irritability of, 420 
persistence of inem()ry-t.raees in, 

631 

phosphohpins in, 502 
proportion of, in man, 573 
protein in, 140 
stimulation of, 353 

Neuberg-Raueshwerger’s reaction foi <’ho- 
losterol, 111, 117 

Neurasthenia, scrum proteins in, 370 
Ncurme, 212, 213 
Neurokcratm, 140 

Neuromuscular junctions S(ic Myoneu- 
ral junctions 

tissues, influence of lucthyl-guani- 
dine upon, 210 

Neurons, 027. Sec also Ncrve-oclls. 

influence of creatine upon, 21 1 
Neutral rod, determination of alkali 
reserve m blood by, 302 
employment of, to dcteriuino 
reaction of tissues, 630, 031 
sulphur m urine, 668 

increase of, by taurine, 669 
Neutrality of blood, 295, 297, 298, 313 

maintenance of, by erythro- 
cytes, 344 

hydrogen-ion concentration at, 297 
preservation of, by bicarbonates, 
301, 305 
of tissues, 204 


Neutralization cif itetdH i»y «if*iiinnii/.e<l 
gelatin, 171 
by protein, H17, 172 
of bases by protein, ltl7, 172, ISS 
Neutralizing-power of neids, 3(K) 
of blood. 21«J. 302, 310 
of plasma proteins, 310 
of tissue fltutls, 3tH 
Newborn infants, lieat output *»f, 700 
Newt.H, €4Teet of tliyroUl fisMie uptut, I2tl 
Nickel Halts, intiuenee of, upt»it |M*rtiit*a- 
bihty, 362 
Ni<*ot.imc aeid, <M)5 
Night shaile, t)8 

Ninhydrin reaction of proftuns, I3ti 
NitnitcH, photosynthesis tif iiitnigeiioun 
compouiKls from, 401 
Nitric acid, 64 
Nitrifying bacteria, 27 
Nitnibcnzene, excretion of, 71 
Nitrobenzy! alcohol, cmtcIioii <if, 72 
Nitrogen, efT<H*t of Ihuizok* acid mi output 
of, tl65 

output in acitlosis, tist 

during niusciiJar work, 112, 113, 
lt>7 

(enhancement of, b> tlnioid c‘\- 
tract, 4 28 
m inyxfMiteiim, 125 
proportion of creatmme iii lolal, 
652 

of iinea in total, 618, 65(1 
of uric acid in tilO 

ratio of ghi<»<m(» in tiniic to, 151 
retcuilion due t(» adminihtnition n! 
lecithin, 250; 612 

NitrogcmoUH l)as(‘H in cod-Iivcr (»d, I2.t 
d(erived from guanidnu\ 2tt) 

Irom niiclcK* acid, 100, 101 
from phospliohpiUM, 1 2t»,212 
libcratcMl in nui’loar ,, 

525 

tOMC (efTceCtH ol, 57 I 
compounds, photosMit hcMs of, 10 1 
(Miuilibrium, 68ti, 688, 680, t»08 
<»xere(a, moditicalion of, bv diet, ii72 
imdabolistn, tl88 

(4T(*c( of para(hyroidce(oin> <ni, 
435 43tt 

wastt'-products, 617 

Nitroglycerin, manufacture of, 120, 255, 
250 

Nitrotoluene, <*X(T<4ion of, 72 
Nitrous acid, aettion of, on tliyroxin, 128 
cfiToct of, on eytosiiu*, 102 
reaction with umino-grou|>H, 
152, 150, 164. 171, 265 
with urea. 651 

Non-protoin nitrogen ov blood, 264 
Nuclear autocatalyst. AuUicatiilyst 
of nuclear Bynthests. 
constituents, proxiortion of, in h<sly, 
698 

cycle, 653 
degradation^ 59Q 
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Niicloar (livmion, 622, 625, 569, 560, 664, 
667 

(liBBolution of nuclear moin- 
bnine in, 669 

prevention of, by dcprival of 
oxygon, 617 

BtipprosHion of, by narcotics, 620 
growth, 610 

rate of, 563, 550 

material, autocatalysis of synthesis 
of, 655, 559 

rate of production of, 552, 553 
moinbrane, 555 

impermeability of, for autocata- 
lyst, 612 

permeability of, 290, 331, 669 
ratio Hee Nuclco-oytoplasmio ratio. 
Hap, 663 

HynthcHiB, 519, 620, 553, 560, 576, 
677, 690, 614 

autocabilyHiB of, 667, 658, 561, 
603-66(i, 575-677, 679, 580, 
690, 691, 607, 611, 613, 614, 
017, 018, 022 

e^T<»<^t of iiKiK^aBC of autocatalyst 
of, 679 

Helping free of (*.hohne in, 625 
BubHtrat.es of, 607 
Nuclease, 196 

Nuclei, abseni'C' of ftlyeogen from, 95 
<liHcharge of autocat alyst from, 014 
of plants, 202 

rate of pnxluction ol, in <*arly ilevel- 
opni(‘nt, 652 

htoiagi^ ol ainino-acids in. 057 
Nucleic a<-nl, 53, 09, 82, 100, 139, 111. 599 
111 chroinalin, 201 | 

conipoutuls ol, with 201 i 

<lc<‘otiiposil ion ])i (xlucts oi, 190,1 
191 

(liliiisibilit V oi, 3 to 
fornmtion of iiia* acul horn, 001 
tumdion oi, 201 

hviholvHiHoi, 190, 192, 195, 197, 

■ 251, 512 

in<*i(»aH<*(l uric aci<l output <lue 
to adininistiation of, 05() ' 

]>i(‘cipitat.i(>n oi piohaiiH by, 135 
Hource of phoHphoric aciil in, 
128, 620 

Htiuct.urc of, 196, 201 
HyntheHiH of, 620, 621, 626 
m l.hyrniiH, 430, 680 
Nuc.lein, 46, 47^ 63, 141, 190 

concentration of, in blood, 376 
NucleohiHtonc, 141 

NuclooproteinH, 46, 47, 74, 76, 134, 137, 
138. 141, 190, 196, 691 
. hy<lrolyHis of, 196 
’ in Hiiermatossoa, 139 
NucleoHidcH, 100, 195 
in blood, 612 

Nucl(^o-cytoplaHmic ratio, 619, 664, 560, 
604, 666-668, 670, 676, 677, 
586, 591, 616, 698 


Nucleo-cytoplasmio ratio, variation of, 
during development, 564 
with temperature, 564 
Nucleus, absence of chlorides from, 290 
of phosphates from, 290, 521 
of potassium from, 290 
amino-acids m, 290 
chromatin elements of, 201 
dependence of, on cytoplasm, 568, 
690 

distribution of autocatalyst between 
cytoplasm and, 559 
divisional growth of, 553 
functional growth of, 553 
^owth of, 554 
hereditary factors in, 567 
iron m, 50, 610 
oxidations m, 520, 570 
phosphoric acid required for growth 
of, 128, 692 

production of autocatalyst in, 654, 
656 

Hheddmg of autocatalyst fiom, 558, 
564, 565 
volume of, 553 

Nutrient level, 536, 538, 540, 542, 544- 
648, 563, 665, 566, 669, 575, 
677, 580, 590, 654, 688 
m blood, 269 

influence of, on dimensions of 
coll communities, 576 
m plants, 542 
legulation of, 315-317 
NutiientH, absorption of, 541 
exhaustion of available, 542 
iiisuflieiency of, 562 
paitiiion of, between diffeient tis- 
sues, 568 

utilization of, by tissues, 545 
N uti liion See Diet, 
ol cells, 286 
of ehiidtcn, 280 

elistuibanee of, duo to lack of ant.i- 
seoihutic, (>08 
faetois determining, 209 
influenee of salts uiion, 39 
Niitiose, biological value of, 693 


O 

Oatmkal, iron in, 49 
Oafs, assimilation of eal(*iiim in, 43 
Obcrmuller’s reaction foi cholesterol, 110 
Obesity due to castration, 418, 410 
scrum iirotems in, 379 
ObcHity-cures, 428 
Ocean, neutrality of, 313 

water, 356 See also Sea-water, 
iodine in, 432 
Octadccapeptide, 156 

molecular weight of, 157 
Octopus macropus, 285 
Octyl alcohol, 296 
Odors of fatty acids, 121 
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Oil of imiHtard, 08 

seed cake, ))ont*oHanH in, 75 
Oil-water iniorfaeo, 254 
Oils, oholostorol in, 107 

offoot of, on surface tenHion, 310, 320 
emulsification of, .321-323 
hydrogenation of, 257 
lack of fat-solublo accessory in vok<s- 
tablo, 085 
mineral, 700 
oxidations of, 400 
permeability of, 327 
Old aRo, 671. See also HenoHeenecs 

accumulation of cholesterol in, 109, 
113 

of sclerous tissues in, .578, 579 
decrease of metabolism in, 670, 097 
pereontage of water in tissues in, 278 
tissue changes in, 673 
Oloates, cathartic actiion of, 352 
unsaturated linkages in, 123 
Oleic acid, 121, 122, 124, 243, 250, 525 
derived from lecithin, 120, 128, 

120 I 

Oleomargarine, hydroxyhutyri<i ueid cU»- 
rivable from, 458 

Olfactory stimuli, reflex stimulation of 
secretion of gastric jiiiec by, *113 
Oligodynamic action, 300, 3(57 
Olive oil, 43, 310, 122, 255 

calorific value of, 078 
composition of, 12*1 
division of drojiH of, 523 
cfTcct of, on surface, tension, 320 
emulsification of, 321, 33(5 
hydroxybutync aeid iliTivable 
from, 458 

prevont.ion of rH*ketH by, (503 
properties of, 1 23 
solubility of nareot icH in, 329 
vis<iC)Hit.y of, 501 

One-sKled permeability. Hee Uiulaleral 
peimeabihty 
Ontogeny, 283 

Ooc.ytin ('.ontent of blood-serum, 514 
properties of, 512 
Opossum, urieolytie index of, (558 
Optical act.ivity of eonstituonts of proto- 
plasm, 488 
origin of, 57 

lotiitorv power of lunino-acMds, 152 
of glucose, 80, 454 
of proteins, 187, 22.3 
of sugar solutions, 77 
sense organs, 485, See also Visual 
organs 

stainuli, lofiex stimulation of secre- 
tion of gastric juice by, 4 13 
(jptimum t (unperat.ure for ciusyine aet.ion 
232, 233 

Oiango juices antiscorbut.ic. in, 43, 003, 
008 

cumtiVG action of, in scurvy, 607 
Orchis, manner in tubers of, 94 
Oremol, 71 


Orcinol reaction for p<*itt<tHf*H, (Vi 
Organs of generation, developikieiit «»f, tn 
rlihorclers <if itituitnry Isslv, 
.581, .583 

elTect <if disitrilers of, tut (h. 
580 

OniithiiKN 201, 208. 599, (5.50, 06.5 
det*arl>oxyIation (57(1 
Ornithuric neid, (50(5 
Oryssenm, 139 

Osassone of glueiirontc neitl, 72 
OsaiKones, 0.3, 82 

erystalliiK* forms of, 0.5 
proi>ertieH c»f, 01 
OsmomettT, 280, 282 
differenfial, 340 
OsmoKis, time-reliitioiis of, 287 
Osmotif^ environnuutt of <*e!lH, 293 
invariiince, 31(5 

methtsl (jf inducing fertilt/.a(tc»n, 
.503. 504, 505. 50(5 
pressurt*, 39, 27 1 
of bile. 283 
of blcHHl, 28.3, .375 
of blood-Ht^rn, 281. 2S9 
of cell contents, 278, 2S5, 2S7 
of eolloitiN, inhibit itut of tntuii- 
bnine-forniatioii l>v> 51 1 
of eulturt* media for int uftni nt, 

I .550 

of egg-albunitn. 3 1 1 
of gelatin, 311 
of lieinoglobin, 393 
incr<>ase of iiMiding tt> segifitMitn- 
(lon of (*ggH, 503, 501 
III jelli<»H, 337, 3 1 1 
of lymph, 28,3 

mensuremeut of, 279, 2S0, 2s2 
<»f milk, 2S3 

origin of, IS2 S<u» alsti Seim 
IsTtiifvibiht V 

of piolems, 310 .312, 3 15 
rt^gulnlion of, 315, 310, 317 
of saliVM, 283 
of tissue llmds, 277 
work of kitlney, 320 

performaiice «if, by tissues. ,593 
( Issiiicnt ion, <it4icieney of, aftei di^piivnl 
of fat-Holubh* accessory, 003 
Osteomalacia, 41 

Oumng, precijiilin reaction Vkith bh»od of. 


Ova, <liHcharg(» of, 420 
maturation of, 555 
Ovalbumin. Se(‘ Kgg-albutiiitt. 

Ovarian c.yeks 420 

Ovaries, efTects of removal of, 419, 120 
relation of, l«> growth of plaeimta 
421 


transplantation of, 419 
Ovary, discharge of egg-cells from, 420 
mtarstitial tissueTS, 419, 579, 586 
Ovoglobuhn, Sec Kgg-globuUn. 
Ovomucoid, 142 

coagulation of, 184 
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Ovonuiccml, inhibit.ion of rncirnbranc- 
formation by, r)H, 5b'5 
( )vovitollin, 142 
OviiliiUon, 420, 421 
Ovtiniy divmiou of, fertihiKod, r)(57 
porinoa>)ilily of, 2S7 
Htiinulatioti of (lovolopmonl. of, 565, 
574 

synthoHW of nucJoics a(si(l from con- 
HtituontH of. 521 

Ox, C5ompoHii.ion of blood of, 370 
<luration of lifo of, 587 
froozing-poiiiti of blood-Horum of, 283 
precipitin reaction with blood of, 369 
Horum proteins in, 378 
(^xalatod blood, 381 
pUisma, 383 
Oxalates, 44 

<*athartio action of, 352 
prevonl.iou of clotting of blood by, 
3S 1 

rhyt.hmie eontiaetioiiH of inuHcle 
<*nUM(*d by, 350 
0\ali(* a<M<l, 67 

(‘xc.rotion ol, ()t7 
(htiha, 353 
0\ninid(^, 137 
OxidjiHc, aitiiicial, 706 
OxidasoH, 100, 223 

influimco of i(Mni)oraluio upon, 2J13, 
3S 1 

r<Mi<*livation ol heal inaci ivn ted, 23t 
< ion, nutoentalysiH oi, 105 

of cnibohv^lintert, 67, 4 17, 155, 613, 
(ill, ()17, ()5I 
in diab(4<'H, l<i3 
of <*aibon in io(>dH(.uIl,s, (>13 
oi elioIeslcMo], 1 1 1 
ol <‘V,slin<», ()(>0 

d(‘h(>iii(‘(ioii oi hypnotoMii by, 637 
oi <lio\vplienois, (>(>7 
ol ialH, 4 11, 117, 15S, 150, I0(», 502, 
503, 6 1 I 

in dial)oU*M, 157, 163 
oi gliieoHis 71, 453, (»()2 
in dia,lK4<‘S, 1(»3 
in iniis(Milai tisHU(‘s, 116 
of la(‘lie a(‘i<i, 1 1<> 
oi linHixvl oil, 121 
ol metals, t0(), 530 

autoeatalysiH of, 532 
of phenylalanine, 667 
of IihospholipiiiH, 127 
of ]>olyph(MiolH, 466 
I>roduct;H of eholeaterol in blood, 114 
of protoplnsniK* (‘onstit uonts, 543 
of tothoun, 018 
of tyrosine, (i67 
Oxidations, 448, 700 

aecoloration of, by fcrtiliasation, 517, 
518 

arrest of, by cyanides, 669 
dependence of biolummcscenco on, 
467, 468 

oflect of fertilizat ion upon, 521 


Oxidations, energy derived from, 405 
hcati liberated by, 676, 698 
incomplete in hibernation, 645 
inducncc of manganese on, 52 

of temperature upon, 478, 646, 
647 

m muscular tissue, 439 
in nucleus, 620, 570 
in tissues, 448, 461, 464 
Oxidizing enzymes, 52, 464-466, 569, 610 
Oxybenzoic acid, 663 
Oxybutyric acid See Hydroxybutyric 
acid. 

Oxycholcsterol, 112 

Oxycthyl tnmethyl ammonium hydrox- 
ide, 126. Sec Cholme 
Oxygen, 46, 50 

absorption of, by tethelm, 618 
by tissues, 643 
a<‘.tivation of, 465 

coll tliviBion prevented by depriva- 
tion of, 617 

combination of, with hemoglobin, 
389, 392-394 

consumption of, by brain, 127, 481 
by diffeiont animals, 695 
by eggs after fertilization, 518, 
519 

m hibernation, 645 
ill museular exorcise, 439, 076 
by neivous syst-em, 569 
m oxidation of lats, 644 
by tissues, 28, 476 
<‘onl.(‘nt of tissues, 543 
<iehc*it in blood, 306 Bee also Anox- 
emia 

elTeids of deprivation of, 400 

of depiival ot, on bioluminos- 
ccnce, 4()8 ’ 

libeiation of, from jici oxides, 1()7 
in photosynthesis, 490 
m^eesHity ot, tor motility, 48S 
reciuiiements of tissues, 405 
supiily of, to blood, 4()(), 407 
to t.issues, 698 

tempiMal.iiie-eoeiheient. oi consump- 
tion oi, t77 
t.ianspoi tation ot, 390 
Oxygenase, 405, 460 

Oxyhemoglobin, 311-313, 393, 394, 401, 
400, 407 

absorption spectiuin of, 391, 392 
crystals of, 398 Bee also Hemoglo- 
bin, crystalline forms ol 
Oxymethylf 111 fui al, 066 
Oxyphenylacctic acid, 663, 066 
Oxyphcnyloxyjiropionic acid, 607 
Oxyphonylpropionio acid, 603, 060 
Oxyprolme, 136, 149, 152, 160, 205, 396 
Oxyproteic acids, 670 
Oxypurines, 194 
Oxypyrrolidine, 206 
Oxyqumohne carboxylic acid, 667 
Ozone, 124 

action of, on hemoglobin, 391 
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OzonOj doHtrii<».ti<)!i of fat.-H()lul)le accoM- 
sory by, 602 

lack of ciTcct of, oti azktiH(*(>r)>utic 
accessory, GOS 


P 


Pain, dischargo of adrenaline in, 412 
Paint, casein uwed in manufaetim) of, 709 
Palm kernel oil, 267 
Palmitic acid, 44, 121, 124. 625 

derived from looitliinH, 120, 12S, 
129 

ester of cetyl alcohol, 126 
of myncyl alcohol, 125 
glyceride of, 120 
oxidation of, 458, 469 
Palms, sap of, 82 
Pancreas, 249, 263 

acinous tissue of, 4G4 
action of socrc^tm on, 414, 417 
effect of pilocarpine upon, 416 
of removal of, 449-461 
enzymes produced by, 404 
guanaso in, 194 

islet tissue of, 451, 467, 403, 40 1 
lipase from, 224 

loss of weight of, in starvai ion, 508 
nucleus m, 195 
pentoses m, 74 
Hocreto-motor fibers of, 410 
Rtimulaf-ion of product-ion of panen^- 
atic juice by, 416 
Pancreatic duct, 253 

effects of ligation of, 404 
hormone, 460, 452, 403. Keo also 
Insulin 

juice, 47, lOO, 240, 252, 253, 200, 
272, 274 

activation of trypNinogcn in, 
415, 410 

control of scoretion of, 414 
digestion by, 249 
ornulsifhjation of fats by, 25 1 
mfliKuice of secretin upon pro- 
duction of, 210 
production of, 415 
proteolytic activity of, 410, 417 
loaction of, 298, 314 
stimulation of He(*.r(4.ion of, liy 
fats, 415 

i-rypsin m, 239, 240 
Papain, 233 
Pajjio langloath, 398 
Parabame acid, 194 
Paracasein, 143, 224, 270, 271 

production of*i from e,asein, 384 
Paradimothyl amino-benzaldohyde, 73 
^-Parahydroxyphenyl-«-amino-propionio 
acid, 148 Kee also 'IVrosino 
P^ldehyde, absorption of ultraviolet 
light by, 493 
Parallel reaot.ions, 569 


Punilysis of iiius(4e, itccuumladtin of gly. 

cogcii in, 4 10 
Paramtna, 331, 187, 500 
Panunel eiv of growth curvo, ,617 
Pamnitropheiiol, 301 
PnnuuK'lcMn, 143, 213 

antiKcnic proper! i<*H of, 371 
syrithoHiH of, 21} 

PnnisttiMin, 31, 317 
Parathyroid gbindH, 431 
Parathyroidectomy, elTeets of, 131 13(1 
ParcmchymatxniK (isHuen, proportion of, 
in botly, 097 7(«» 

Parrots, duration i>f life of, 6 m 7 
Parthenogenesis, 593, 57 1 

tirt.ifie.ial. Artithunl partheno- 

gi^m^sis. 

I^avcinent epitlu4iutn, perrnenbili( v of, 
325 , * 

biological value of proteins of, 093 
fat-soluble a<»eeHSory in, 091 
PeettVHO, 72, 92 
Pec(i(5 acid, 72, 92 

de(*oini>oHitioii of, 73 
INictin, 72, 99, 92, 93 
Peet inases, 93 
PeetoMiuH, 92, 93 

INdlagra, st^rum prottMiis in, 379 
Pemet ration of <*«4ls, 287 
of intmibranes, 2.S8, 327 
Penis, growth of, IIS 
lVtitamethyl(»tie-<lmtnine, 2<U See also 
(Jiwiaveriius 
IVntaiM^ptides, 1,68 
l*eiit.osnns, 75, 92, 251 
Pentose ih»riv<sl from nu«4eie aeul, 199. 
191, 190, 197 

Pen tose-hy])(>xani lime compound tn 

l)loo<l Sis'Oocvlin 
Pentoses, .50, 09, 70, 71, 22.3, 2.5J 
tlerived from pectin, 92 
prmluetion f»f, from hevise^, 72 
reactions of, 01 00, 71 
Peiitosuna, 71 

Pepsin, 20, 42, 47, III, 167, 222 221, 
2.36, 240, 209 

I flig(»Ht.ion of compound prottuns w itli 

I 186 

(>f nueleoprot cm by, 199 
heat, iiiaet ivation of, 2«V> 
hydrolysis of («gg-nlbuiiun bv, 231 

of proteins by, UMl, 229 
idcntit.y of miniii with, 271 
iiiflueneo of reaelion upon, 2.30 
synthetic action of,^ 213, 244 
temporaiure-co(4net<mt. of lna(4 iva- 
tion of, 479 
PeptamincH, 210 
Pcpti<le linkage, enol-form, 17 1 

koto-fonn, 171 

linkages, splitting of, by try|H 
sin^ 222 

Peptides, 137, 167, 186 

among products of protein hydro- 
lysifl, 168 
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PopthloH, liydrolyniH of, hy trypHin, 2IJ0 
Pc^ptoiH^-pItiHiiui, 3SI, ;J8.S 
poiHoniiift, 207, 2()S, 201 
IVptoiKW, 0‘1, 137, 138, 141, Mf), 200 
al)H(>rpticm of, 2(52 

rcMK^Jon of, 130 

<l(Tivo(l from ooiripouiicl pr<)ioinH,185 
(h4.oxioiitk>n of ultra violot light by 
Holutionn of, 487 
(ligoHtion of, by oropsin, 417 
(4T(*ot of, on lUHtainino production, 
203 

hy<lrolyHiH of, 100 
by (M'opHin, 240 
by trypHin, 222 

influonco of, on permeability, 340 
lumineH<*.onco of^ 409 
niTihydrin reaction of, 130 
])r(m‘ntioii of (dotting of blood by, 
381 

production of, in gaHtric digCHtion, 

by popHin, 221 
in HloiniuOi, 2(59, 270 
shock in<lii<‘(>d by, 202, 207 
IlnrKtlilis, 281 

P(M i uiii(\s, in«Mniiiac( ut(^ of, 111 
INMicolluInr (hud, aui.cx'iilalysii of nuclear 
svnth<‘siH in, 550, 555, 559, 
5(51, 5(53, 5(55, 5(5(5, 580, 588, 
500,(511 (511,017,(518 
clhxdsol K'diicl ion o( nulocnta- 
Ivst in, 58(5 

in(lii<‘n<*(» ol nau'wal o(, on dma- 
( ion ol 575 

invaiianci' ol, 315 S(m» also 
10nv'ii<»nin<ail 

K'giilal.ion ol coinposilion ol,317 
ol iiiiliKail. 1('V(4 in, 31(5 
Pci islalsiH, cll<*c( ol c<'IIaIoH<* on, 252 

ol KMiioval ol calcium U[)on, 352 
ol HjihiK' ca(hai(ii(‘s upon, 355 
PiMiloiKviI cavil V, inability lo nsliu'c 
oplical rolaloiy j)ow(m ol glu(*oH<», 
SO 

(‘pitludiiiin, jxM m<*abili( V ol, 32(5 
I^M iloncuin, absorption Iroin, 325 
P(*rmangana((‘, oxidalion of glucose by, 
80 

P(‘i m<*abili(y of bhxxlvcsscds, 103 
ol Howiniin’s capsuU‘, 110 
of <'apillari(»H, 31(5 

of c(>I1h, 287, 288, 320, 330, 315, 310, 
3(53, 3(57, 380 
for carbonic acid, 311, 408 
for lipoid Holvcmts, 328 
for nar(«)ticH, 329 

(^ITcc.t of coagulating agonts on, 331 
of cupric chloride upon, 331 
of fertilization upon, 330 
of ogg^ooll for cytolytic agents, 510 
of orythroeytes, 289, 290 
of fertilization membrane, 620, 614 
of fish-eggs, 300 
of frog’s skin, 331, 360 


Permeability of gastric mucosa, 366, 366 
of gelatin, 342 

influence of inorganic salts upon, 
361-364 

of lipoid solvents upon, 364, 366 
of intestinal epithelium, 363 
of kidney for glucose, 448 
for uric acid, 660 
of lipoids, 327 

of nuclear membrane, 290, 331, 659, 
612 

of phenol, 342 
of renal tubules, 410 
of tissues for amino-acids, 208 
for ions, 361 
for water, 361 
unilateral, 326-328, 331 
Peroxidase, 465, 466, 469 
in blood, 402 
coenzyme of, 467 
Peroxides, 464, 465 

catalysis of oxidations by, 496 
decomposition of, by catalase, 467 
in linseed oil, 124 
Perspiration. See Sweat 

111(^1 case of output of uroerythrin by 
profuse, 671 

Pci sulphate reaction for adrenaline, 215 
Pcti oleum oil, 255, 319 

administiation of, for constipa- 
tion, 92 

PcdicMikofei’s reaction for cholic acid, 117 
Phagocytes, 573 
Phiuses m jellies, 335-337 
l*hejiHaiit, duiation of life of, 587 
Plienol, 335 

excretion of, 71 
neut.ializing power of, 300 
pciincability ol, 342 
piccipitation of ja olein by, 135 
Hulphonc i>h(halcm, 298 
Huljdiur i(^ acid, (>(>3 
Phcnolphtlialcm, 304, (572 
Phenols, conjugation ol, (5(53, 0(54 
procipit ation of protein by, 135 
Phcnylacctic acid, 4(50 
Phenylalanine, 13(5, 111, 148, 157, 158, 
1(52, 204 

absorption of ul(.ravioIet light by 
solutions of, 390, 48(5 
duKjetic acid dei ivahle from, 4(51,403 
oxidai.ioii of, 0(57 

l)i(xlu(‘.tion of hornogcmtiHio acid 
fiom, 0(50 

putrc'f action of, 003 
m urine, 661 
Phenylalanyl-groiip, 155 
Phonyl-aminopropioniG acid, 148. See 
also Phenylalanine 
Phenylbromopropionyl chloride, 155 
Phenylcyanate-glyoyl-glycinc, 154 
Phenylelhylamine, 204, 205 
Phonyl-glucuronate, 71, 662 
Phonyl^uoosazone, 65 See also Gluco- 
> sazonc. 
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PhonylhydmziiiK*, union of, with HUjtnrH, 
«2, 72, 7t), «2 
Pho!iylhy<lrai5on<»H, 02 
Phony! laotoHazoncs (JO. Sc*(* alH<i liiioto- 
nazono, , , 

Phony hnaltoHiizono, 05. S«*o uIho Malto- ^ 
Hazono. 

Phony Iquinolino oarhonic no la . Soo 
Aionhan. , 

Phonylurcthano, Hupprc^wHion of nuoloar 
(liviHion by, 520 
Phloginion l.h<*ory, 20 
Piilornlzin, (>00, «(i2 

KlyooHuria, 4-10, 452, 455 

influonoo of inonitol up<in, 100 
Phloroglucunol, (M, 71 

roaotiou for pontoww, (Ml 
Phowphaio art a o.oonzynic'^ 101, 225 

nioiuwodium, noutmlizing powor of, 
300 

niixturoH, r(‘a<*tion of, 207 
PhoMphatoH, 540 

ubHonro of, from ttiu'loim, 200 
adinixturo of, with totijolin, (US 
in blood, 25S, 310 

coiHurntnitioik of, 370 
ditTuHion of, 305 ^ 
otToH of, on oalcniin output, It 
on duiHtuHis 11 1 
oxcrotion of, 070 
lUMTHHity of, ui diot, 502 

for uni(‘(41ular aiunudH, 503 
m ovuiti, 521 

I)(*rfuHion <)f inuHcloH w'it h, 405 
proHorvation of noutralify hv, 300, 
301, 304, 50S 

pnxluctioii of, in nuiHrulnr aidivitv, 
208 

rhyihmio rontnu'tionH of niuscdo 
cuuHod by, 350 
ut.ilizut.ioii oi, 53 
PhoHpholijiiiiH, 55, 120, 000 

aHsomation of biort with, 5tl0, 013 
in cod-livm* oil, 123 
ooinpoundH of, with prot<Mn, 112, 
143, 382 

oonvorHion of fatty aridH into, 155 
ghiroKidoH of, 130 
IiydrolyHiH of, 12S 

irinuonco ol, on coagulation of blood, 
384, 388, 580 

n<»(*(‘HMii.y of phojsphonc acid for inan- 
ufacliirc of, 502 

rntiogonoUH buHCH dcnvoil from, 212 
piiriOcat.ioii of, 127 
KynthcHiH of nucleic acid from, 510, 
521, 525 

PhoHphomolybdi<‘. acid, precipitation of 
protean by, 135 

PhoHOhoprotoiiiH, 53, 137, 138, 142, 150 
digcHtion of, 143 

Ph()Hphor<»HC(‘ncc See BiolumincHccnco. 
PhoHphorio acid, 53 

aaninriilal ion of, 44 
concentration of, in blood, 370 


PhoHpliciiir Held. dertviMi fmin ittoMfiid 
lic\apliif>«|i}mlc. tU5 
iroiii iiucictr *« id. Mid, IU.% 
MM> 

from |lh(»^|lltnllptll•^, 120. 
I2S 

from Hphtngomvclifi, i5d 
cHicrx of carbnh^tlrulcH, ld| 
origin of, HI h*cttlttii. 'ioS 
output ol, in tunic. 072 
Hourcc of, for HynthcMix of 
nucleic acid, 52d, 521 
PhoHphorUH, 53, 510. 502 
injury of hver b>. 5ss 
{HiiHoning, 321, Old, r»(i5 

lactic-acitl outpiil m, 110 
rtxluclioit of iircii ottfput in, OIU 
retentuin of, tiui* to iiiintimMtrHttoit 
of Icetthni, 012 

PhoHphotuiigHttc HClli, prcct|lttlltt«Ht of 
dtamino iictd^ }*\ . 1 10. 

I 17. 150 

of pnitctiiH !»v, 155 
of watci M»hd»l«* act**** ♦‘III \ 

b>. 00 1 

reaction for tidtcnahiti*. 215 
PhotimLM, 408, HIO 
Plmtocatalyms, lot, 102 
Phot oc4icmtcal react totiH, 251, Iso 

111 llMIlg IImhUCh, |Sf, 

n4atit»n of mtticti(\ ni light to 
vi4ocit\ of, IM 

tcmpcratuic cocthciriit ol, Is/ 
HcnmtiztuH, ISO 
Pilot ogciitn. lOS. too 

Photographic cficctiuin f»l iicriMiglohin. 

500 

Pilot oplkclcm, ItiS, loo 
Pilot oHcnmt ivt* Hul»htanc*« k m li\ttig ti> 
HU<*H, 4 S3 

Pilot oiif*nHit izoi'M. 102 

Phot twyntlicMiH <tf (*at4»oii\dnit(*<t, Is.i, 
487, 102. 103. TOO 
by ciiloropiivll, ISO 101 
influcnciMif cailorof light upon, iss 
liy inalaciiitc griMUi, tOI 
of iiifrogciiouH compoinidH, lot 
optical activitv of piodticla of, tss 
(emperaf urc-coclhcictit of, |S2, IS5 
Phoiotropic licndtitg, tcmpciatiirc coeffi- 
cient of, 482 

l^hototropiKin. See nctiotropiHin. 
FhofuriHt 400 
Phremmin, 100, 101, 213 

derived from prof agon, 151 
Phylogeny. 283 
Phyloporrmyrin, 305, 50fl 
Physetir mncntrtiphfiittMf 114, 125 
Phyw(*al proccHH(<ti, tem|}i«niturfw*(H4rt- 
dont of, 235, 471, 472 
PhyBioIogicnl difTcremtiatton, 55H, 570, 
620, 621 

Ph^mlogically halunocgl aoluticmH, 
Phytano, 105 
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Fhj//rlt*phtiii nCavromrpn^ inaiman in the 
ho(»(Ih of, 94 

Pliylan, 105. Soo hIho Inonitol hoxaphos- 
plmU). 

PhytoHlorolH, 107, 110, 111, 258 
j^IuoohkIoh of, 113 

PiooHmc. acid, noutralizinK power of, 300 
Pioraniio aoi<l, 212 

Picric, acid, i)rc(!i^)itiiit.ion of (iroatinine by, 

of protein by, 135 
WKluc.l.ion of, V>y oroaiinine, 212 
Pipt, calcium reciuircrnent of, 44 
compoHitiou of blood of, 370 
of milk of, 099 

cnorKy coiiHumod in doubling birih- 
woijjht, of, 702 
ox(*.rction of (irc^atine by, 055 
fr<H%zing-pomt of blood-Herum of, 
283 

guinanc gout in, 191 
H(‘urvv m, ()09 
unc*olyti<*, indt»\ of, 058 
Pig<M)nH, acc(‘HH<»iy io<»d fnctoi’H lociuncd 
by, (ill 

polyiKMiiitiH in, (iOl 
W!il<n-HoIubIc a<'cc.sHoiv m tiHHiios of 
(i(Mi 

PignuMilaiion <>l skm of tadpoles, cficct 
ol livpopliyH<‘ctomv on, 
5S I 

mlnbil<*<l by l(»<*itliin, (il2 
Pigments, biliMiv, <i<‘t<M’lioo ol, IIS 

in plants, 7(), (lOI S<m* also \ntho- 
<'\ anins 

piodiict ion oi , KiO 
in iiiiiK*, <>79 

Pilocaipino, stimulation ol pancicas by, 

I lo 

pus /ahtmtutfi , 115 
PiiUNil gland, 705 

iiilliion(‘<' oi , uj)on giowth ol 
scoondaiv .s(‘\iial cliaiactcas, 
5.S(i 

tumois ol, 5S() 

Pim‘applcs, pioti'olytic enzyme in, 233 
Pinciic, <‘\<*i<*t ion ol, 71 
Pitli ol (l(•cl(lllolls ti(*<‘H, staK'li III, t)3 
Pituitary (antciior lolxO, clfi'cts ol ad- 
inimstiation ol, on tlie 
gio\Ntli, 5S I 5iS(i, (i22 
<‘\t.raction ol t<dh(dm fiom, 
918 

gigantism induced in sala- 
manders by administra- 
tion of, 580 

aut.ocoi<i. Sec* 'Totlielin. 
body, 75, 103, 105 

absence of iodines in, 53 
administration of parn nervosa 
to animals, 584 

alimentary glyciosuria m <lis- 
ordors of, 448, 449 
(*irculation of antonor lobe of, 
580 


Pituitary body, effect of disorders of, 
upon growth, 680 
of excision of, 684, 685 
hypertrophy of, after castra- 
tion, 419 

during pregnancy, 422, 424 
modification of growth in dis- 
orders of, 581, 583 
tolerance for sugars in disorders 
of, 581 

(posterior lobe), hyperactivity of, 
671 

tissue, admmistration of, in dyspitu- 
itrism, 583 
Piiuitrin, 215 

contractions of uterus caused by, 422 
diuresis caused by, 422 
rcac*.tions of, 216 

relationship of, to histamine, 424 
secretion of milk augmented by, 422 
Placenta, growth of, 421 

hypertrophy of mammary glands 
(‘aused by, 422 

stimulation of growth of, by corpora 
luloa, 580 

Placoidal ammals, 505 

c\l.iaci, hypcirtrophy of mammary 
glands caused by, 422 
Planaiia. 540, 503, 570 
Planets, life on othci, 314 
Plants, (‘hcmical iclationship of, to ani- 
malH, 31 

<l(*pi‘ndcn(*e ol giowtli upon nutrient 
Hupjily, 512 

glow til oi, 531, 551, 593 
animal, 535 

imnc'ial requiuancnts of, 593 
IMasmu, 373 

glucose m, 375 
l(*cilhiii in, 258 

I>ii)tcins, mainfcnaiicc ol luaitiality 
bv, 309, 310 

j cgi*iu*ra t ion of, aftcT hemor- 
ihagc*, 380, 38 1 

shock iii(luci*d b\ withdiawal 
ol, 381 

relative* voluiac* ol, in blood, 37 1 
Plasmolysis, 285, 287, 288 
imitation oi, 324 

Plasrnolyzing agents, 221 Sec* also Ciyto- 
lysis 

PlnU*lets m blood, 375 
Platinum, action ol, on diying oils, 124 
PlaUiu*i’H crystal lizc'd bile, 115 
Pluteus, 506 
Pncnimonia, 307 

rise of seiuin-globuhns in, 379 
uric acid output in, G5(> 
Poikilosmotic aniinals, 293 
Poikilothcrmal animals, 233, 046 
PoiBOUille’s law, 337 

Poisons, premature senescence caused 
by, 573, 674, 576 
tolerance for, 710 

Polarization of light over the sea, 488 
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VolisbinK wiUi wax(»H, 125 
PollachiuH mrvn», 21) I 
Polloii, proUM'iiH in, 208 
Polyannno-aciclH. Hew PolyjJcptKlt'H. 
Polymorizatiou of formalde^hydo by 
(jhloropiiyll, 492 
by ulimviolot light., 490, 49 1 
of glucoflo by liver, 411 
of protein, 34 1 
Polymolecuilar roaolioiiB, 040 
Polyneuritis, 004, 005 
Polynuoloar colls, 555 
Polypeptide stnioture of protoinn, 100 
Polypeptides, 94, 138, 145, 104, 229, 707 
absorption spectra of solulionH of, 
480 


amphoteric character of, 100 
<lohydration of, 182 
formation of anhydrides from, 144 
of dikotopii)orazin<‘H from, 181 
hydrolysis of, 100 
lipolytic action of, 223 
reactions of. 157 
solubility or, 157 
in urine, 001 

Polyphenols, (joxijugation of, 004 
lumineHccnco of, 409 
oxi<lation of, 405, 400 
stimulation of nerv<» <m4Ih by, 182 
I*olysaccharid<‘s, 50, 89 

storage of, by t ihhuoh, 5 15 
Polyspermia, 520 
Popijy-secd oil, 257 

Population, density of, 180, .538, 518, 
501, 502, 500 

effecst of altering tyjx* of, 578 

of density of, on n*produ<’(ive 
rate, 57.5 

maximum (lensity of, 5t8, 5<n, .502 
principle of. Set* Mall bus, law <»1 
Pork, digestion of, 274 
fat, properties of, 1 23 
Portal vom, 40 

Postonor lobe of i)ituibiry body, admin- 
istration of, to animals, 584, 58.5 
PotasHiiun, 39 

abstmtjo of, frtwn nueltMis, 290 
biHulphate, 98 
in blood anti tiHsut^s. 53 
easeinute, rate t>f soliilion of, (HO 
cbloridt*, 30 

antagonism of soilium ebloritle 
by, 319 

segmentation tif egjjrH caused by 
addition t)f, to sea-waU*r, 50*4 
citrate, 35, 30 

eomiioiinds of, m j)rt)toplasm, 407 
conoentration of, in blood, 370 
ft»m-(!yaiudo, 40 

action of, on homogltibin, 391 
hy<3roxid(%, 40 
inalute, 30 

morcunc iodide, precipitation of prt>- 
1.<uu by, 135 

nionourato, solubility of, 000 


PotuKsiiini, inyronale. 9S 

n«»e<*sHily *»fi m dud, .592 

for umetdluJitr itminals, oU.'J 
nil rile, format loit of fornsbydroN* 
aiiiie lu'id from, 19 1 
output ill urine, i I 
pc»rtnani^uiHte, 319 

aetitm of, on lieiiioKitibin. 391 
in plant tissues, 3<17 
salts ill bltsMi-seriim. 291 

etTeel of lat*k of, on t*iirlv dev«»l- 
opment, 52.5 
e\<*retion of, ,32tJ 
innuemet* of, upon pertmvtlidtfs , 
3<I2 

in sea-water, 293 
m vegetabli»s, 3.5 
tartrate, 30 
Potiitt}, 98 

Ptdntot^s, hiologteni value of protniet of, 
093 

irtm in, 49 

potassium in, .30, 3S, .39 
wai<*r-Koluble aeet»s«cirv m, t»9t 
Potential, dilTt*r<Miee of, at surface ot j4 1 
lies, 31 1, .315 

Potent loinetru* nietlioil of t**<titnnf tti^. 

hydrogen u»n*4. 109, 29<), .39s 
l^metiee, mOuenee ol, on etiieiefie\ oi 
inus(*U*s, 4 15 

Prea<iol<*N(*<*nt giowtli, etTeet^ ot 
lion on, 1)9 

Preeipilatmg po\\<*r ol ‘lalts, 17). I/O, 179 
Preeipilation of eltM*ti<»-ne^uti\ e < a oin, 
183 

of e)eetio*p<witive (*aMeiti, Is. I 
of proPuris, 173, 171, 177 1/9. Is), 
181 

reactions of pit»i<*in, 1.3.5 
vebxMtv of, 179 
Prec'jpiluiN, 111. 189,309, 192 
product i(»n ot, 201 

PregnaiK'v, iTeatifu* conloiit ol ulenc. in, 
147 

cnsit iiiuria ctiii tug. 1 is 
til depai;i<M’eati/.ed niitiimli, 1.59 
liuration of, 121 12) 
eclainnsia m, 211 
growtii of bdUH during, .52s 
hypiwtrojihy of pituttar\ gland in, 
422, 421 
IfU*t.oKUrta in, 87 

toxemia in, 4 13. See also Kclrtni{>sin. 
variability of duration of, 423 
Pressor act ion of adrenaline, 199. lltl 
principles, 21.3, 21 ) 

I^rimary proteoses, 1 1.3 
Primates, relationship of matt to, .309 
Principle of ponulatum, .310, .317, 57H. 
See also MnlthiiH, taw of. 
of the mast <^r«react ion, 5.30, 5.37 
Pro<lucsfs/>f growth, 530, 537 

inhibition of growtli by, 541 
regeneration induml by 
movai <}f, 572 



INDEX OF SUBJECTS 


779 


Productrt of i^rowih, removal of, 542 
nttrjinlaijon of growth by, 564, 573 
iiHHUo a<st.ivity, 643 
Prolarniiuw, 134, 137, 139, 150 
I»roli«o, 136, 13«, 140, 147, 149, 150, 152, 
158, 160, 102, 205, 396, 599, 600 
in blood, 264 
Proprionio acid, 121 

niombrano-forniation induced 
by, 505 

utilization of, by diabetics, 459 
Projiyl al<*.ohol, 329 

(lialyaiH of solutions of, 181 
group, 155 

Propylene oxide linkage in sugars, 80 
Prose(%rel.iti, production of secretin from, 
414 

Proserozyme, 387 
Prostate^ development of, 418 
Prosthetic group in chronioproteins, 142 
111 conuigat.ed protcuns, 141 
in iiucleoprotoins, 190 
Plot agon, 131, 212 

Prof all )um<>Ho, compound of, with clu- 
p<*inc», 185 

atnino-groupH in, 165 
Prof n mine (‘asoinati*, antigoiiKi properties 
of, 370, 371 

<‘vl raefjon of, from spot inatozoa, 639, 
(> 1 () 

sulphntcs formation of films by, 323 
Piofamiii<‘s, 137, 138, 150, 162, 267 
1)1111 (*f KNiefion oi, 136 
(‘ompounds of, wifh ofliei proteins, 
185, 18(i 

dig(‘Hfion oi, l>v (Mi^psin, 260 
inoliMMilnr wiMghf oi, 18() 
pio|)(M t les of, 13f) 
n( ll(^sls oi , 2 13 
l*io((‘aiih, 137 
1*1 of 223 

vegetable, 210 I 

Piof ein, ealeiilaf ion of amount eoiisunic‘d, 
I(i2, f)70 

<*ompl<*\<*H in l)loo<l-s<M uin, 3f)8, 370, 
399, KM) 

eonsf if.iKMits oi lissius 18f) 
(lepolvmeiizaf ion oi, 312 
du*f, (‘\<T<‘l.ion oi oNalaU'H on, 647 
(»ir(»et. oi (‘xe(»HH oi, m di(»f, 606 
oi <U»n<*i(Miev oi; m diet., 609 
(MTiulsion oi lipoids in, 330 
hyilrolysis, p(*pi.id('H among products 
*of. 158 

injec^tion of, inf,o circulation, 261, 
262 

intake of, in normal dief., 691 

variation of creatinine output 
with, 068 

of nit.rogcnoua excreta with 
amount of, 653 
of sulphur output with, 668 
of urea output with, 653 

ions, 345 

indiffuflibility of, 311 


Protein jellies, coagulation of, 336 
structure of, 334 
swelhng of, 344 
kctogenic value of, 463 
metabolism of muscular tissues, 442, 
443 

molecule, structure of, 163 
polymerization of, 341 
quotient m bloodnserum, 380 See 
Globulm ratio, also Blood-serum, 
globulm in 
reactions of, 135 

requirement of, in diet, 686, 687, 689 
for growth, 598 

salts, electrolytic dissociation of, 172 
solutions, conductivity of, 332 
emulsions in, 339 
evidences of structure in, 333 
osmotic pressure of, 340 
viscosity of, 331, 332, 334, 339 
specific dynamic action of, 686 
stimulation of metabolism by, 690 
Proteins, 47 

absorption of products of digestion 
of, 260, 263 

of ultraviolet light by solutions 
of, 390, 486 

adsorption of enzymes by, 225 
aldehyde reactions given by, 489 
amines dciivcd fiom, 161, 205, 368 
amphoteric character of, 134, 167 
antigenic properties of, 369, 370 
associated with oxidizing enzymes, 
466 

availability of, for muscular woik, 
441-445 

biological valuc*s of, 092 
in blood, 309, 665 
III blood-seium, 378 
calorific value of, 678 
caiboxyl-gioiips in, 108, 169 
chaiactciihtics oi, 133 
chaiactciization oi, 134, 159 
clasHiiication of, 137 
coagulated, 137, 144 
coagulation oi, 134, 173, 174, ISO, 
181, 184, 185, 342, 343, 315 
by heat, 282 

colu'sive properties of, 400 
combination of, with dyes, 29S 
with inoiganie salts, 300, 362 
with lipoids, 377 
eomposition of, 133 
compounds of, with acids, 185 
with heavy metals, 180 
with inorganic salts, 367 
with other protems, 185, 368, 
370 

with phospholipin, 143, 382 
concentration of, in blood, 375—377 
conductivity of solutions of, 333 
conjugated, 137, 138, 141, 190 
of connective tissue, 578 
decomposition of, by bacteria, 443 
of sodium chloride by, 311, 366 
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Proteinrt, (lohy<IratU)ii of, 171, l*S2, 

:i4r> 

(Icrivod, \\M . 

dotoriuiniitioiJ of ainiiKMUtid ni<li- 
chIh in, 154) 

(lotoxi(5tiU()n of ullraviolol iiKhi by 
HoUitioiiH of, 487 

of <liot, proportion of 1 rypl.opliiino 
in, im 

cligoMion of, 20, 22, 25 1, 250. 200. 
204, 204), 417 

(liHintoKTution of tinHUo-, 000 
olocjtrolyl.io <liHHO<*ialrion of, 174 
cBHontiality of, for growth, 54)4 
extraction of, from <‘oIloidal niociia, 
640 

filtration of, 187 

flocculation of, by heavy inc^talH, 344) 
formation of Olnw by, 323, 324 
free nmino-j?roupH in, 104, 105, 171 
carhoxyl-grouoH in, 104 
gantric digOHtaon of, 413 

g lucoHO dorivabh* from, 451, 452, 401 
cat of conibuHtion of, 077 
hydrolyHiH of, 64), 4)4, 143, 145, 154), 
103, 170, 202, 221), 270, 513 
by pepnin, 100 
by tryjwin, 222, 230 
iminuniisation to, 374) 
inapplicability of jmnciplo of mo- 
aynamic vuIik^h to, 685 
inhibition of tncinbrano-formalion 
by, 513, 514 

lonwation of, 181, 342 315. SeoalHO 
Electrolytic d iHHoeiat ion . 
lack of fltonig<‘ of, m (.ihhuch, 048 
neutralization of aci<lH by, 107, 172 
ofbaHOHby, 167, 172, 188 
optical rotatory p<)W(*r of, 187 
osmotic pressure of, 340 345 
oxidation of hy<lrogoii in, 676 
physieal proiMirt.ies of, 7()4) 
possible derivation of Inet.ic a<‘id 
from, 440 

IirecipiUition of, 173, 174, 177, 174), 
181, 184 

by heavy nudal wilts, 308 
preservation of neutrality by, 24)1, 
24)0, 300, 308 

products of (liHint-egration of tissm*-, 

(m 

of hydrolysis of, 138, 102 
proportion of gly(io(5oll m, 005 
put.r<‘faction of, <i06 
laeoimzation of, 164), 187, 184), 309, 
377 

r(»spirat.ory quotient m oxidation of, 
644 


sonsit.ization of animals t.o, 208, 201 
simple, 137, 138 
specificity of, 360 
structure of, 162, 106 
in solutions of, 339 
synthesis of, 32, 243, 267, 209, 643, 
611, 687, 707 


Pioleitts, ti*»U|ii*liitiire iMndlo'lvn! iii 
agtilitdtai of, 179 
in tiNMUes, 267, 2liN 

eiMigidutton teitipeiatiin* of, 2,33 

U%\u\ I 1 1 

vegcduldi*, 50, 6411, ii*J2 
ProteofvMie n«*livit> of panemific* jiiier, 
415 117 

enzyiiH*s, 202, 222, 223, 117 Srr 
also iVoleasfH 
(daHHiOeatittn of, 210 
destruetioii t»f pliottigfiuti !»v, 
408 

iitfluonei* of hciit upon. 233 
of mteftoit upon. 236 
Kpeethetlv of, 2341 
I*rot coses, 137, 138, ) 13, I 15. 15s 
ill isorpt toll of, 262 
tn Idood, 201. 377 

derived from I'oiiipound proti-uiH, IS5 
fre(» amino-groups in, I(i5 
hytlrolysis of, by frv|»NUi, I6»» 
infllietire on pntdurttuii nt iMiiph, 
103 

miihydrtn rearlion (if, 136 
ptodU(‘ed from eas**in b\ leiiiim, /71 
produefiott of, iti giiUttc dig* 

204), 276, 113 

toxie, formed in ligated loop of inti . 

tim*, 6<>s 
foMcify of, III 
/Vafeas, 124) 

Pndhromliin, 3S3, 3S7 

eonvm'sion of, into tliionduii, 3s f. 
385 

Protoeat(H*huie aetd, o\tdatioti of. Piit 
Prof oplasiii, absorption of liglif fi\ , tsii 
of e(41s, factors altcrtiig. .{36 
eolloidal eoasf if uetif m of, 31/ 
deeoinpo.sition of iMiU'it itui’iit » nl, 51.{ 
emulsion sfnieluic of, .'IP.l, .32s. 3.10, 
302, 516 

merea.se of siirfart* of, in cfll di\ i 
Hioii, 522 

inorganic (Uiviromncnt of. ,3 is, ,{ }6 
leeithiii in, 3(6, 321 
lipoid iihfise of, 215 
mtnend (saistif uent«< of, 54{2, 56.3 
minute stniefun*s in. 16 
optieal aetivifv of eotistitinuith of, 
488 

propertie.M of, 277, 3 IS 
struct un‘ of, 314), 32S, 334), 314), 362, 
510 

Hurfnei* of, 314) 

synt-hesis of, 518, 531), 511, 5 13, 5 IS, 
578, 580. 664). 616, 08.5 
viseosity of, 331 
wat<*r-«ont<*nt of, 34 
Protioplasmic stremuiiiK, 501, 52.3, 524 
HyntluiHis, reversion of, 5.36 
tiHHUcsH, proportion of, in IwHiy, 097 
wear and tear of, ei9I 
Protozoa, complexity of Mirueitirc of, 315 
Prunua lautocerazm^ 482 
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I*H<*U(I()-fcl<>biilin, 1«9, 377. Sco also 
(illobiiljrk. 

pH(*u(l(>|)()(lia, fornuition of, 501, 523 
Ptyaliri, 00, 228, 248, 411. Sec hIho Amy- 
UiH<‘, DiuHiaHO. 

Puborty, 45 

<liHappearari(Wi of (‘.roatinuria at, 054 
Kland, 418. Hoc Ovary, interntitial 
of; also Tostos, interstitial 
tlHHUe of. 

incM'aHo of inotabohsm at, 008 
I*uppioH, ri(^k(^1rf^ in, 43, 003 
PurKiitJon causod by saline cathartics, 
354, 355 

incliicod by rc'inoval of calcium, 352 
Purification of enzynicK, 222 
Purine ImsoH, 00, 100, 101, 223, 442, 599, 
05(i 

derived from nuelcic ae.id, 105 
in ni<»mbrane-forniing agent in 
Hperniat.oz(>a, 512 
origin of, in nucleic acid, 520 
pro<Iu(*1ion ol urn; acid from, 665 
si'pninlion oi, 101 
si I u(H 103 

nii<‘l(s>lids, hy<liolv.sis ol, 100 
Pill in(‘-lr(M* diet, (elimination ol uiie acid 
on, (irit) 

output ot uiea on a, 057 

ol line aeid on a, 057, 050, 
()()0 

IMii lines, cuiative action ol , in polvneuii- 
hs, <>05 

<l(es( Mn*l ion oi, m tissiK's, (>50 
<en(l<>g(‘nous nneiabolism ol, <)5<) 
e\<*rction ol, (>,57 
(e\og(enous m<e(abolism ol, ()5(> 
m<‘i .ibolism ol, <>57 
oxidai ion oi , 1<)5 

vniialion oi line acid oul])Ut with 
ml ak(* ol , (>5t) 

Pul 1 cla( I ion, 20.5, 212 

lictannes ptotliiccd m, 200 
oi Inain lissiu's, 213 
d(ecoinposil ion oi ammo-acids in, 602 
ml (‘St Ilia I, 272, 133, 671, 6()3, 6(>S, 
60 1 

ol plot (‘ins, 61)6 

Pul I (‘laci iv<‘ bMcl(‘iia, pioduction ol 
ainm(‘s by, 20 1 
Pul I (escin(‘, 201, 206, 270 
Pv(‘lilis. 001 

Pyloiic sphmcl(‘i, 218, 11.3, 111 
l^ylonis, obstruction ol, 300 
I’yresia, 175. S(‘e K(‘ver 
PVrimidiius 101 

bawes, MM), 101, 007 

curative action of, in polyneu- 
ril.is, ()05 

(l(*rive(l from niieUMc acid, 105 
origin of, in nu(deic acid, 520 
reacdiioiiH of, 102 
nueleotids, hydrolysis of, 199 
nueleuH in purine bases, 193 
Pyrogallol, hnnmestsenco of, 469 


Pyrrole, 396 

group in hornatin, 48 
Pyrrolidine, 205 

carboxylic acid, 149. See also Pro- 
lino. 

Pyrrolidine-groups, 160 
Pythagoreans, 705 


Q 

QtTAnRIURATJBH, 656 
Quebracho bark, cy closes in, 107 
wiLlma, 08 
Quinol, 466 

R 

Rabbits, athoromata induced by choles- 
terol, 104, 259 
composition of blood of, 376 
creatine in muscles of, 21 1 
dietary of, 38 

energy ('onsumed in doubling birth- 
w<ught of, 702 

froezing-pomt of blood-serum of, 283 
glycogen content of muscles of, 440 
in heart-niUHclo of, 96 
hemoglobin of, 390 
kynuienie acid in uiino of, 607 
oxygen (‘onsumiitioii of, 095 
liKMMpitin reaetion with blood of, 300 
pKxliKdion oi aiu^mia in, 48 
uiicolytu* in(l(*\ of, 658 
utihzat.ion of xylose by, 251 
Pace, mfliK'uee of, on giowt.h, 544-547 
Hai'enuzaf ion, 58 

of piotcms, 109, 187, 189, 223, 369, 
377 

PacemizcMl ammo-acids, 18S 

pi(>l(‘in, hydiolvhis of , 187, ISiS 
H.u'hitis, 12, 13, (>03 Sc(» also I^ickets 
ba(‘t(‘iial mi(*cli(>n in, 43 
cuiativc (‘fl(‘ct ol light uiion, 14 
(unpl()vin(‘nt ol cod-livei oil in, 123 
iat-H()hibl(‘ .icct'ssoiy in lelat.ion to, 
13 

in kit lens, 13, 603 
in puppii»s, 13 
m rat-s, 43 

B(h luua iommtnnn, 121 
Racoon, mieolytie iiuh'x ol, 058 
Radial symmotiy, 328 
' m cells, 327 
Radiant eneigy, 32 
of sun, 700 

Uadiat.ion of heat fiom body, 640, 696, 
700 

Radium, 222 

emanation, elTc(d. of, on water-solu- 
ble a<‘.ccHSory, (>05 
Raflinosc, 89 

Rage, discharge of adrenaline in, 412 
Rana eacuUnia, 284 
fvacaj 477 
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Rape>seod cako, poni.()HaiiH in, 7/5 
oil, 256 

Rats, accessory food factors roquirwi by, 
611 

administration of thyroid tissue to, 
430 

cancer in, 615, 017, 019 
castration of, 419 

crystalline form of hemoj^lobin of, 
400 

development of, at birth, 530 
effect of (loprival of fat-«oUib]c acces- 
sory on, 602 

effects of pituittiry (anterior lobe) 
tissue upon (^owth of, 5H5 
experimental ricketjsi in, 43 
failure of growtii on dw^ts dclicuont 
in calcium and phosphorus, 592 
goiter in, 432 
growth of, 631, 545 

after starvat.ion, 570 
immunity of, from stsurvy, 609 
parathyroidocit.oniy in, 435 
retardation of (lcvelo|)ineni of, 572 
serum proteins m, 378 

during growth of, 380 
uricolytio index of, 658 
xerophthalmia, 603 

Reaction of blood, 294, 297, 299, 304, 
375, 412, 430, 467 
of contents of duoclonuni, 416 
dependence of oxidation in tissuc^s 
on, 467 

influence of, upon hydrolysis by 
enzymes, 235 
of tissue fluids, 293 
velocity, 178 

Reactivation of heat-inae(.iva(ed en- 
zymes, 234 

Recollection iSce M<»iiiory. 

unconscious, 635 
Rectal feeding, 275 

Rcc'tuni, absorption of glueoH<* from, 275 
Rediicod hemoglobin. See Hemoglobin, 
hematin Hee IIeinochrorn<)g(*ti. 
Reduction of cholesterol by iutestiual 
bacteria, 112 

If eflex stimulation of He<!retion of gastric 
Jiuco, 413 

Reflexes, 626, 635, 646 
Refraotiory period in heart, 97 
Refiactometnc method of ('siimating 
scrum iiroteins, 378 

Regeneration, 529, 542, 544, 562, 563, 
572, 576, 654 
of bone, 485 

of hemoglobin after lieiriorrhage, 49, 
50, 51 

loss of (^apaclty of, with differentia- 
tion, 568 

of proteins after hemorrhage, 

, tomiierature-coefficient of, 478 
Ueichert-Mcissl number of fate, 123 
Rejuvenation, 575 


Rejuvenation by etdl division, 5<Hh 577 
by starvation, 570, 571 
Relative porriu*abilit.y, 287, 321 
Relativity, tlwory of, 23 
Renal sc'cretion. SiM*r<*tion of uriis*. 

tubules, permeability of, 410 
Rennin, 42. 224. 270, 271 
action of, on c'asein, 3St 
clotting of nulk by, 229, 232 
heat iiiaef ivitf ion of, 235 
teinperature-<»oeflic«*tit of timet tva- 
tion of, 479 
Reproduction, 17 

capaiMty for, 539, 5 10, 519, 5(i2. 575 
in cell-conmuiniti(»K, 548 
cessation of, m (*<41-roinmtmtties, 562 
influence of conjugatton on rate of, 
in in/umriftt 550 
of volume of culture iiiedumi 
upon rate of, 550 

of in/iiHoriti, retardation «if, by eon- 
jugathai, 571 

neeessityof fat -soluble accessory lor. 
602 

rate of, 538. 5 19, 55 1 , 552. 562 See 
also Multiplieulive raf«* 
of uni(*ellulnr organistiis, 5 17 
Ueprodiietiv(‘ <*apaci(y, varmi i<»ns ot , I 
ratis aceeleration of, by Mmst e\- 
lrar(,557 

la^reditarv variations of, in 
pttramtrutf 5tMl 

variation of, with age of |>an*nt 
culture, 558 

system See (temptation, oipms ol 
Heptil(*H, svnthesiH of uric iieid t>57 
Evptilm, 281 

H<*Herv«p nmt(*rmlH, pr<»porhon ot, m 
bo<ly, 698 

Hesorcmol, e\en»tion of, 71 
Respiration, 17 

caloiitncpt(pr, 681), 681 
chemical cot relation in, |()5 
loss of carlion dioxitle in, 30s 
maintenanc<* of, in sleeji, 636 
of tissues, influence of tenipetalnie 
upon, 473 

H<»Hpinit<)ry cenl€»r, 105 107 

influciuMp of temperature upc»n, 
476 

stimulation of, by aeids, 108, 
629, 631 

by carbon dio.\ide, 330, 108 
feinp(prafure-ctK4lieient of activ- 
ity of, 628 

cycle, neutrality of blcxsl during. 313 
epithelium, 34 
function of blood, 25 
movesments, 28 

chemical rt^gulation of, 439 
effecte of ac(*urnuIiition of eiir- 
hon dioxide U|Km, 407 
of lieprivation of oxygen 
on, 406 

expenditure of energy in, 442 
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IloHpiruiory niovomenlH, inoroHso of, in 
nuiHotilar work, U44 
tiuiinionanoo of, 545 
nniac.los, oorrclation of aotiviiy of, 
wi<.h uoodH of fikolctal muscslca, 406 
(juotKuit, 4(52, (543, (544, (580 
in <lov«loj)rnoni, 521 
during; inUHCsiilnr oxortion, 445, 
(545 

inflnoiKw of toinporuturc upon, 
(54(5 

in (Sriivcw* (Hhoiiho, 430 
non-proi(uii, (581 
in Hljirvation, (545 
rhythm, 475 
Uotjculin, 140 

Hotina of TihIioh, fcuanino in, 104 
H{^v(‘rHion of growtfi by aiarvation, 54(5 
of hydrolyHiH, 233 
Khanmows (50, 70, 00, 111 
utilissation of, 251 
AV///« Hurcvdanva^ 1(55 
Hhytlinnc inuHOular coniiacitionH oauHod 
1)V H<Kliuin HiillH, 350 
Iiil>os(‘, 71, 75, 100, 105, 107, 200, 202, 
251 

drnv<'d Iroin nu(‘l<*i<* acid, 10(5 
Iroin imclcoHKlcs, 100 
phoMphonc acid (‘hI-cih oI, 101 
Hic<*, nul(>(*la v<mI, (50(5 

hioloftical value ol protcuiH ol, (503 
(loin, <41 (m*(. on icg<*ncration of hotno- 
glohin, 50 
piMiloHana in, 75 

poliahingH, anliruMniln* agent in, (505 
[lolyiKMii ills indiKMMl by diet of 
polishi^il, (501 
piolciiiH in, 130 
Klein, 1 11 
Kieinol<M( aenl, 12 

iiiiloenInKsis oi libeialion ol, 
105 

/i’/< /////•, < <;////// /////s, I 1 1, 532 
Ki('U<*(s Se<‘ also Km( lulls 

<>inplo\ iiiriit oi <o<i-liV(a oil in, 12^5 
«'( loiogN ol , (50 1 
Kigor nioi 1 is, 1 1(5, I 17 
Kingei's s<ilu(ion, 201, 350, 357, 350, 1(51 
KooIh, aidiscoibiilK* in, (507 

fa (-soluble aeeesHoiy in, (lOI 
growth of, 35S 
s(ai(4i in, 03 
Kosin, eyeloses m, 107 
Kubber.' Set* Iiulia nibb(*r. 

Kiibidiuin sallH, inlhu'net* of, upon poi*^ 
iiu*ability, 3(52 
Kye, 20(5 

proteiiiH in, MO, 506 
Hitoslerol m, 111 


S 

Sapoiiahh! aeid^ (54, 07, 70, 73, 191 
oxidation of, 453 


Safranin, precipitation of trypsin by, 223 
Salamanders, effect of thyroid tissue on, 
.429^ 

gigantism induced by administration 
of pituitary (anterior lobe) tissue, 
686 

Sidamandrat 429 
macuLaUij 284 
Sahcylamide, 329 

Salicyl-sulphonic acid, precipitation of 
protein by, 136 

Salicylic acid, conversion of trypsmogen 
into trypsin by, 416 
effect of, on secretion of bile, 118 
Saline cathartics, 362 

mode of action of, 353-355 
Saliva, decomposition of hydrogen per- 
oxide by, 467 

diastase m, 42, 90, 128, 248, 411. 

See also jPtyalm, Diastase, 
effect of amines upon secretion of, 
213 

neutralizing power of, 304 
osmotic i)rcBsure of, 283 
Hulphoeyanides in, 670 
Salivary glands of molluscs, 314, 365 
Salkow'ski’s reaction for cholcsieiol, 110 
oxide, 112 
for creatinine, 055 
Salininc, 139, 150, 162 

compound of, with edestm, 185 
ncutraliza(.ion of acids by, 168 
iat.e of exii action of, fiom sperma- 
tozoa, (540 

sulphate, ditTusihility of, 186 
synthesis t)f, 213 
Salmon, sperinat-ogenosis in, 521 
spermatozoa of, 139, 640 
Salsola, 38 
Salt liunger, 35, 37 

Sand, iis(» of fluid in a column ol, (510 
*Saponanaf 98 

Saixnnficaf ion ol castoi oil, 121 
of hits, 120 
of I(MM(liin, 212 
value* ol l)e'(*hwa\, 125 
e)l iafs, 123 
ol \va\(*s, 121 
Sapeimns, 98, 99, 11(5, 225 

ae-e*cle*iatie)n eif oxidafienis in e*gg by, 
518 

c.e>ne*(*utrat.ie>ii eif e)ve)nme*e)id neces- 
sary 1e) inhibit, inembiane- 
feiriuatiem by, 511 
at surfaces, 319 
cytolysis by, 509 
emulsification by, 120 

of eiliolestoiol by, 108 
fertilization membranes foimcd by, 
509 

hemolysis by, 118, 508 
influence of, on egg-cells, 100 
luminescence caused by, 469 
membrane-formation by, 506, 610- 
513 



784 


mDIHX OF H(/JiJF(*rS 


Sai)oic)xin, <)S 
SarcoUictic^* a«i(i. Soo 
Sarcoma of ih« pituitary, 5Sl 
SarcomoroB, 49S 
Sarcophzl'iis 398 

SarcostyloR, 408 
Sarcous olcmonts, 408, 501 

(jhanRib of form m miwcular con- 
traction, 500 
Harsaparilla, 08 

ScaldH, ofTooi of, on Huprnronal <«>Hcx, 
409 

Scale inBoctiB, prcxluction of wax<»H by, 125 
Scarlet reel, 322, 501 
Scheror^H tent for inoBit.ol, 100, 018 
Schiff’s reaction for cholcHi.erol, 110 
for uric a<ii(l, 050 
Schizolh&rm nullnUt, 243 
Schutz-BorriHSoff rule, 229, 2JJ0, 23 1 , 273, 
274 

Schweitzer 'h reagent, 91 
SGiOa, 08 

ScloroproteinH, 138, HO 
SclcroHifl in old ago, 573 
Scloroiifl tiHmi(‘H, acxjumulation of, in old 
age, 578, 579 
ninmteuancc^ of, 578 
proportion of, m IxMly, 097, <i98 
Scurvy, 41, 007 

liability of dilTcrent aninialH t.o, 009 
SciUeUanaj 71 
Scyllitol, 100 
Soalmg-wax, 334 
Sea-urchin j 128 

artificial f(»rtilization of eggH <»f, 503- 
507 

<lcvelo])inent of, 553, 013 
egg, diviHion of, 524 

niombrane-fornialion in, 330, 
508, 509 
cgg-cellH of, 100 

extinction of nK*iiil)run(^forining 
agent from nperin of, 512 
fiM tilization of (*ggH of, 505 
S<»a-water, (*oinpoHition of, 292, 293, 35(), 
357, 359 

elTc'c.t of abnonnahi.y of eonipOHition 
upon development, 525 
glycoHUiia causi'd by injeetioii of, 294 
increaHO of ohiuoI.ic preHsure of, 
ing to Hegin(»nt.af.ion of eggH, 504 
iodine m, 53, 307 
nviction of, 313 
Seaweed, UKline in, 53 
SebaeeoiiH glands, HeiuetioiiH of, 121 
Sebright fowl, 420 
Sebum, eliolesferol eHierw in, 114 
fatty acidw in, 121 
Secahn, 9 1 

Secondary pro<.(x>HC‘H, 1 13. Se^'alwj Deiit- 
('roproi.eoHcsH 

sexual charaet<srH, 417-419 

croHHing-over of, 420 
endocrine control of <levol- 
opnicnt of, 679 


. SfM'ondary rhaim’feiH, iidUi(*nc*o 

of pim»al gland upon deveioptiieiit of, 
580 

Secretin, 210 

action of, on iiitcHtinHl glattdH, 117 
production of, 4 1 1 
properties <»f, 115 
S<am*tion of bile, 118 

of gaHfric juice, 272 271, 300, 113, 

111 

mfluenee of (yraniinc upon, 20<1 
of intcHtinal fluid, 351, 117, tlOS 
of lyrnplt, 310 
of milk, 421. 122 

influence of pituitriii ttpt»n, 215 
of panen^ntie juice, clienttcut control 
of, 111 

influence (»f secret in upon, 
210 

of KU<*<»UH entcricuH, 351, 117. 00s 
of urine, elTeef of iniriumlitie upt»n, 
410 

nu^chaniHin of, 320, I is 
Seen^ioiiH, inn<*oiiH, 1 12 
origin of acid, 305 
Secret oinot or fda^rH fif vagUH, 1 H» 
iKTVCM <»f pancr<»aH, 11 1 
Sccn4ory organs, energ\ «*\pciMlituie of, 
112 

Setsls, fat-Holubh* ais'CHMory in, tiUl, 093 
lack «»f ant iHcorbutic in. OOS 
percentage* of water in, 27s 
JiolyKaechiirideM fouinl in, 91 
proteuiiH in, 1 10 
Hitohterol in, 110 
Htareli in, 93 
Hforage of eneig> m, 32 
temi>eraf uie-cciellicn»nl of <l«*atb ol, 
47t) 

waler-wiluble* acM'esMtii \ in, 091 
SegiiK'iitation of cells See < ’ell di\ iNum 
of oil drojiH, 52 1 
of imfeTtiiizcsl egg i*ellH. 593 
Seudlitz powder, 355. Scs* iil.*io Tfirtnite*, 
Selective abnorption, 3.S, .53, 2t>s, ?72, 
274, 30<l, 307, 593, **92 
expesiditure of esiergv in, 39 
SelivamilT’K r<*aef ion for ketom^s, tW>, 70 
Se»lla turcica, 58 1 

Seiniiial vcKicIeH, dcvclopineiit of. IIS 
Semip<*rmcul>l(* iit(Uiibran(*H, 27.s, 2S9. 2S2 
285, 311, 328, 340 

Scurnpcrmealdlity of ce4lH, 280, 287 
origin of, 181 
relative, 324 

Scmewsence. 571, ,572, 575. 711 

accumulation of chol<*Hlerol in, 109, 
010 

delay of, by tetheliu, tl23 
deKtruction of tinKue protein itt, 590 
origin of, 573. 57 1, 570, 578 
outcome of difren»iitiatioti. 579 
poHtponoment of, by development <if 
nervoUH ayHUmt, 588 
Senescent atrophy, 671, 672, 674, 710 
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reaction with blood of, 


Hcno«(*«nt death, 572 
loHH of wei^lit, 571 
Senna hiavoK, cyclouoH in, 107 
St^nniti/iation of aniinalH to fonngn pro- 
tein, 207, 20K, 201 

of to rnoimirane^formmg a^nt 
in blood-Hcra, 511 
to ooeytiii, 512 

of Hp(%rrnal.o«oa io mombrane-form- 
iiiK apient in bloocl-eera, 516 
S(MiHiti/i(%rH, photochemical, 486 
S<*nHory norvcMMuiinKS^ tomperaturo-co- 
efrKuont of reaction to fltimulation, 
482 

Htiinulation, Hlocp a result of absence 
of, 685 

l.hroHhold of, 030 
Sapid, 409, 466 
Sericin, HO 

SeriiH^, 146, 148, 162, 205, 264 
Seroinucoid, 377 
S<n-<)zynie, 387, 388 

S(M*uin ])roleinH, eoinposition of, in dia- 
370 

inhibtlioii oi iiH'tnbrane-fonna- 
( ion bvi 51 1 

nuinlH'i oi (lilieienl, 370 
taiio oi, <lurini>; giowth, 380 
in lactation, 380 
M<*kn<‘,s.s, 202 

Snniin-alhiiinin, 131 , 130 , 150 , 267 , 268 , 
30 <», 36 S, 377 . 665 
< alot ilie value oi , (» 7 iS 
eh<‘ap(‘ oi, into uiiia*, 380 
(‘si iinai ion oi , 378 
ji,asl I n* dii^ohi ion oi, 270 
i<‘a<‘n<>ial KMi oi, aiiei Ikmiioi ihaf^ts 
380 

S«Miim-j;lol)iilin, 130, 150, 173, 180, 267, 
2(»8, 280, 300, 368, 377, 665 
e.s( iinai Kin oi , 378 
iiKMea.se oi, in itiiiM'i ion, 377 
iniiibii ion ol iikmiiIii aiK»-ioi ination I 
bv. 51 I 

iiiohM’iilar wi'iij^lii ol, 300 
ptoporlion of, in Hiauin, 380 
iefj;en<Mat ion oi, aflei luanoiiha^e, 
380 

S<»haiiK‘, peniosans m, 75 
S<‘\, inihi(*n<’e oi , <ni ib, 5 M, 5 16, 5 17 
Se\-linlv<*<l inhiM liaiKM'; 386 
Se\ual <lev(3opim*iiii , inlluene<* ol pineal 
Kland upon, 58() 

organa Se(' < ligann of generation. 
SharltH, oHTiiolie iin'HHUie of lilood-aeia, 
284 

Shi»ep, eoinpoHilion of blood of, 376 
of milk of, <100 
of cant ration of, 417 ^ 

<‘nergy (‘onmimed in doubling birth- 
weight of, 702 

froessing-point of blood-serum of, 283 
hcmioguibin of, 399 
iodin<vccmtont of ^thyroids of, 432 
oxygen cotiHumption of, 006 
60 


Sheep, ^ecipitin 

serum proteins in, 378 
uricolytic index of, 658 
Shellfish, anaphylaxis caused by, 262 
extract, 346 

infiucnce of, on production of 
lymph, 403 
Shivering, 646 

Shock mduced by histamine, 207 
by peptones, 207 
by withdrawal of plasma pro- 
teins, 381 

by yeast nucleic acid, 202 
Sierra Leone, consumption of salt among 
natives of, 37 

Silent electric discharge, synthesis of 
formaldehyde by, 490 
Silica, hydrogel of, 334, 336 
Silicates in vegetables, 52 
Silicon, 52, 314 
Silk, protein m, 134, 140 
Silver bichromate, Liesegang rings 
foimed by, 337 
nitiatc, 64 

combination of, with casein, 180 
with cgg-alburmn, 180 
precipitation of protein by, 135 
protein salta of, 47 
Halt of Icwiilinic acid, 64 
Halts, reduction of, by sugars, 61 
toxicity of, 349, 367 
Siniipin Hulphaio, 98 
SinapiH alba, 98 
mm a, 98 
Sinigiin, 98 
St putivaluH nuthta, 285 
Si(ost(‘iol, 110-112 
Siz(», picpaicd from algin, 92 
Skill ole, 205 

production ol, (>63 
i(4iitionshi]) ol uiociytluin tx>, 671 
Skatoxyl gliiciiioiiatc*, 71, 6()2 
Skclelai conHtitu<*nl,H, proportion of, in 
Ixxly, 698 
inuHcle, 366 

iniiHcleH, <‘ori elation of activity of, 
with ieH])iratoiy inoveincntH, 406 
Skeleton, abnormal growth of, m gigan- 
fiKin, 581 

niamtiMiancc of integrity of, 545 
Skin, evaporation from, 34 
glycogen m, 96 

growth of, in disorriers of pituitary 
body, 581, 583 

loss of weight of, in starvation, 568 
permeability of frog’s, 325, 331, 350 
pigmentation of, effect of hypophy- 
Hcctoniy upon, 584 
Sleep, 626 

cause of, 636 

disappearance of fatigue-products 
from bram during, 638 
maintenance of circulation m, 636 
of respiration m, 636 
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Sleep, onset of, 087 

vasonxotor ih(‘ory of, 080 
Slug, conduotion of nerve impulno irj, tso - 
secretions frotn skin glands of» 1 12 
A^nvUax, , 1 i. ^ . 

Snails, socrotionH from skin glands of, 142 
Snake venom, 129 ^ ' 

prevention of clotting of hlooci 
by, 882 
Soapbark, 98 
Soaps, 44 

cathartic action of, 3/52 
of choline, 525 

ofTect of, on mirfa<io foriHion, 819. 
820, 523 

oinulsification by, 120, 321, 828 
of eholoHtorol by, lOS, (5I(> 
formation of, 258, 254 
stitnxilation of ncrvc-cn<luigM in in- 
testine by, *115 
Soapwort, 98 
Sodium 35, 89 

bicarbonat<‘, 29*1 
in blood, 31 1 

effect H of ov<^rd<>Hag<‘ «>f, 309 
preservation of iu*utrjilil.y by, 
300, 301 
but-yrate, 508 
cacodylnt.(‘, 380 
caseinate, 18(5 

(sonductivity of solutions of, 383 
hydrolysis oi, 228, 243 
viscosity of Holut ions of, 33 1 , 382 
chlorate, coagulation of protein bv, 
135 

chloride, 31, 3(i 

antagonization of, by calcium 
chloride, 392 
by zinc Hulphate, 357 
dcconipoHition of, by i)rot<Mns, 
lUlj 8(59 

diffusion of, in jellies, 382 
infhience of, urion Tierineabilit v, 
361, 8(53 

permeability of erathehum for, 
325, 329 

scf^montation of eggs cimseil bv 
increase of, in sea-water, 508- 
505 

solutions, flotation of fish-<^ggH 
in, 3(i() 

toxicity of pure, 349, 359 358, 
392 
citrate, 3(5 

effects of injection of, 352 
concentration of, in blood, 379 
fluoride, olTect of, on kidney, 829 
plycoeholntc, 135, 119, 253, 254 
hypcnrritability caused by increase 
of, 352 

monourato, solubility of, 090 
necessity of, in diet, 592 
nitroprusside, 212 

reaction of, with creatinine, 055 
t.cst for glutathione, 407 


Sodium in nutrithm «*f ittiiceliutfir aiit< 
iiuds, 598 

olenfe, effc'ct of, on surface (ciimoii, 
820 

cniulHificuttiin of chot<*N(ciot hv, 
919 

out nut in urine, 1 5 
oxahitfs cKcrction of osntic acul after 
admintstration of, 917 
oxyhernoglobinate, 8ti 818 
perHulpbate, 95ti 

phenoxale, aliHorplion of tit(ruvii*I<*t 
light by, 191 

protein coiitpt»unds in blttoil. 89S 
{>rotiMna(<s 8<I9 

halts, Hlitagoittsiti of, b\ ealetiitin 
in b)(MHbH(*iitm, 25M 
in cartilage, t»59 
€‘lTt*e( of lack of, on e;ul\ de\ rl 
opiiient, 525 
excreta >11 of, 829 
iiiilmuiee of, ufion pci mcubilit n . 
8(52 

nif*nibraii(* format am b\ cxc** . 
of, 519 

rhythmic tumtiactioiiM of mu - 
cli* caused l>\ , 859, 851 
m s<*a -water, 298 
(oxielfv of pine, 8ti9 
htearati*, 258 

sulphatf*, «*oaguIatiMii of piuti'in l»\, 
185 

(aurocliolate, 115, 1 hi. 258, "51 
urate, solubilit,\ ol, Ii59 
Soil, bacterial flora of, /19 
Soliitim, 99 

hemolysis ttidiiciMl b\ , 59s 
Solan uni, 9S 

Solubility ot ammo acids, 152 
of cholesterol m bile, 1 I i 
^l^s(eIs, 115 
of fats, 115 
of heiiiogiohin, 1^7 
of mdicMtots, ti89 
oi polypt*ptides, 15V 
of |>rotiuiiN, 18 1 
of salts of uric acal, t»90 
of uric acid m blood, (»59 
Sidublc chitin, 97 
starch, 91, 2 IS 

Solution of jirotcins, heat Itbei'ated iii, 
812, 818 

structure of, 889 

Solvnt(»s of substances in solution, IM 
Sorbinose, 91 
Sorbitol, 91, 99 
SorboH<», 99 

Sparrow, oxyg<*n (‘onsumplioii of. 995 
Specific dynamic fu^tion of protein, 9S9, 
oafi 

gravity of blood, 875 
offatjH, 120 
of urine, 072 
heat of water, 277, 314 
Hpocifloity of antienzyincM, 245 
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Hpocifu’it.y of blood, 402 

of hydrolyzing onzyinoH, 2H7 
of iininuiH* bodiOH, 244 
of oxidi/iing onzyinoH, 40*5 
of protomH, 300 

Si)t‘(»lrinn c)f }ioin<>glol)m HoluUons, 390 
l.oxH'i(.y of (lifforoul, portions of, 483 
Spi'rin whule, biliary concTotions of, 114 
Sporinaocti, 125 
Spmiuil.c>g(‘ncHiH, 521, 555 

d(ip<Midc'n<io of, upon wator-sohiblc 
HccoHHory, 007 

Sp(‘rinntogoni<' i.iHSUOH of tostw, 418 
Sporinatozoa, 503 505, 508, 517 

acwioloration of oxidat.ion in egg by 
entry of, 519 
oytolylic* agent in, 330 
ofTeelH following fortilizal ion by, 51G, 
518 

(‘Xtraction of inotnbrane-foitning 
agc'iit from, 512 
of prolamine from, (>39, 040 
ItM 1 ili/al ion bv mulliph*, 520 
iiHMobiam'-iot mat ion bv, 513 
meinbiMiH'-hii niing agiail in, 5 1 1,515 i 
Iiiu<liie( ion ot, 1 is ' 

pinlciiis in, 139 
Splinin'i \ sLiU, 375 
iSpinnaoiiiN rliii, 130, 3iS 1 

d<'t i\(mI ti(»in piol.igon, 131 
Spliinunsiin*. 191, 1.19, Jl.‘» 

Spulei.s, ^iMiiinr III ( \< iciiMait (>i, 191 
Spm.ni'h, bioloLMi il \alno<ii piotiMiis nt, 
99.1 

tal .’.oliiblt .n < < •- .()! \ III, 90 1 
Moll in, 19 
1 )( III O'-.! n 1 III, 75 

Spinal < omI, iiilliKMH r ol ^MaiinliiK' upon, 
.*19 

S fK HHpint , '*S9, .*S7 
Spl.MIIC'llMK MCI \ ( , 119 

( ltd I oi ,sl iiiiulal loll oi , ill, 

ir* 

SpU'cn, ;ibscncc ol ^iiana.sc lioni, 191 
.•idciia* (* in, 19 I 
aigiiia,s(‘ in, 959 
choh'.sictol in, 191, 2.59 
lion coiil<‘nl ot, 19 
I0.S.S ol weight ol , in stai\alion, .508 
o\i(h/mg en/vine.s m, 10.5 
p(Mito.se.s 111, 7 1 

Sponge.^, null unit levi*! in, 31ti 
protiun in, 131 
Spiiiigm. 131, 1 It, 799 
Spori^s of I>ael(*ria, t I'aiihmiHuioii of, 
tlirough spaec*, ISS 

S(|iiiiTel, <•! v.stalliin* form of luMiioglobin 
of, 199 

duration of Iif** of, 587 
Stability of euzymeH, 230 
of gelalin jellioH, 337 
StairoiiHO phenomeiioTi, 494, 495 
Sfandartl <leviatum, ineamiroinent of, 423 
StaphylococcuH^ 377 
Starch, 32, 75, 85, 90, 93, 97 


Stansh, digestion of, 42, 248 
hydrolysis of, 94, 145 
by diastase, 228, 235 
photosynthesis of, 488, 493 
synthesis of, 242 

Starch-grams, stratification of, 93 
Starch-paste, 93 
Starvation, 578 

acidosis due to, 467 
calorific output in, 695 
consumption of glycogen reserves 
in, 441 

death from, 545 

diminution of colloidal content of 
cells in, 571 

of glycogen m liver durmg, 95 
economy of resources in, 45 
c/Tect of, 570 

on fat absorption, 266 
on glycogen reserve of heart., 07 
elimination of hoinogentisic acid in, 
(>60 

mk'giitv of nervous system, 569 
loss of tissue ])iotein in, 266 
of weight in, 21)7, 508 
maintenance ot heait in, 509 
miiseular woik in, (>*54 
nitiogen oiO.puf m, 080 
piodiiction oi iitoa in, 088 
K'gc'iH'i.ition ol h(>nioglo])m (lining, 
.50 

H*jiivena( urn bv, 570, 571 
ri^spiiatoiv (iiiolumt. m, t>45 
HW(‘ision ol growdi i>y, 54(> 
s(*nmi plot (‘ins in, 380 
S|,i( ist leal m<‘tbod, 27 
St<‘aiie add, 11, 121, 122, 125, 2.53,525 
<l(Miv(*(l Itoin l(M‘i(hm, 12(), 128, 
12<) 

oMilat ion oi, 1.58 
Sleicohilin, (>71 

S(eiili1\ (hi(‘ to (Icpiival of wat(*i -soluble* 
ae(‘<‘ssoi\, ()00 

ol i(*mal(‘ ol h(‘l(‘t<>K(*\ual (wins in 
ea ((!(*, 119 

Sl<‘t iliziit.ion bv ullravioh't light, 183 
Sl<*iols, ()()() 

m iungi, 1 1 1 
gIii(‘osid(‘s ot, 1 13 
otigin oi, in animal (issiu's, 110 
Sliinulators of in(»t.abolisin, <>97, (>98 
Slokc»s’ 1 (‘agent, 390, 391 
Sloiinudi, 20, 10, 42, 40 

absorption fiom, 202, 209, 272 
niitipepsin in tissiu's of, 240 
dig(‘stion in, 47, 248, 273, 274, 413 
(l]s(4iarge ol chvmo from, 414 
mtlu(«ie,e. of crgmmiie upon, 206 
product.ioii of prot<‘OseB in, 270 
Stratifioat.Kin of ])rctMi)itates in jeni(‘B,339 
of starch-gi'aiiis, 93 

SiiruwhcrrioH, anaphylaxis caused by, 262 
proteins in, 208 

St.roaining movements m protoplasm, 
523, 524 
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ptococcunt 877 

Striated inuHclo, Htructun'> of, 'ISM) 
StrongyloceMlTotm, 100, 477, filO, 5r)»’i, 01 8 
franctminuSt 504 

purjyuraluHt 504 500, 515, 517 510, 

Sirontiuin, iintagonization of inaKiioHium 
eblorido by, 357 

chloride, BoriBitizaiion of ckj?h to 
mombrano-forining 
aKOiit in blooil-HCTH 
by, 511 

to oOcytin by, 5 1 2 
of Hperinatozoa to nu‘m- 
brano-foMnintt ngtnit. in 
blood-Honnn by, 515 
»altR, coagulation of lecilhin by^ 12S 
influence of, upon iKTincarnlity, 
302 

StropharUhiM, 98 

Siruoturo of jellioHj inv<THU)n of, 330 
of protein jcIIu'h, 331 337 
solutioiiH, 333, 339 
of protoplawn, 310, 339, 349 
Stry(5hnine, 210 
Sturine, 150, 1(58 

amino-groiipH in, 108 
SubconHcioufl nimnory, 027, 035 
Sublimate. See Mercuric chlornle. 


Sulphnl<*H, pr<*vt*ntHiii of rloiting of 
bIcMKi by, 3s 1 
ill iirtiie, 09S 

c*\og<ut«>UM ortKin ol. <»<>9 
SulphidcH, 53 

Siil|iIiocyHiiKleH, excretion of, t>70 
Ktilphtir*, 53 

content of ciiHt*in, 109 
of lietfioglobiii, 393 
in eyntine, 595 
metaboliHiii of, 009 

witMte-proiluelM i>l, 00s 
in nutriii<»n of unirellultir tutttimlN, 
593 

output fiuruiK perforiimnco of huih 
etibir \vi»rk. 112 
variation of, with pi olein in 
take, OOS 

retention of, due to ndniinK(iattf»n 
of lent bin, 012 

Sulphur-eoiifnintng «*\t'reta tn tiittie, nrd 
Suljdiurtc at‘id, 10 

<‘(}njugatioti ol indowl \\itb,itii2 
of plu'tiolf* v\ ilh. till t 
«lc*rive<l from pi»ili‘Uie, Ii9 I 
inOuetiee of, upon pep'^iti. 23ti 
output in mmr, 072 
prodiu'tion ot, fnuu e\'*fine, ti.Vi 
111 hiMTelions ol inolheu'*-. .31 1 


Submaxillury glantl, pontoHi^H in, 74 Suniitmtion of nIuouIi, 19 1 
Subuutrition, elTeet of, on Kulmetjui^nt Sun, radinnt euerg\ of, iss, 7iHi 

CTOwth, 570 Sunlight, iMiiative cOimU of, in iiekeis, 

SubfltraU*, compound of, with catalyzer, 001 

220, 22(5, 229, 230 ' Super-cooliug. 2S| 

ionization of, 23(5 Su|><Tlicinl tiuision See Suitaee leoMtun 

SubHtrates of growth, 535, 53(5, 510 512, , Su])portmg lihHWeh See Seleioii*. tisMie 
545, 5(51, 5(59, 580, .591, 007, j ('oiiiieetive tiHSues 
012,(585 ; Suprarenal gland. 213. 21 1. 199 

OHHcntiahty of, 590 i ndn^nnlme in, 21.5 

for nuclear ay nthcHiH, (507 i I'holeHterol in. lO.I, lilt. IU7, .*.i9 


for syiitheHiH of tiHHue-piot<*in, (551 
SuccuB entericuH, 2()(), 270, 272 

oiiterokinaHe in, 385, 41(5, ‘117 
erepmu in, 240 
secretion of, 417 
Sudan UI, 322, 501 
Suet, 43 

prevention of rickets by, (503 
Sugar-beet, 31, S3, 209 

nbHcnee of water-Holuble ucccHHory 
irom, 004 
guanidine in, 210 
Sugar-cane, 31, 82 

Sugars, 31 See also ( ‘JiU’bohydratcH, 
MonoRaceharid<'H, UiHai'cliarklea. 
p(‘rm<»al)ihty of er.y(.hrocyt<*H for, 290 
KyntliCHiH of, 50 

tolerance foi, in cliHorders of pitui- 
tary body, 581 
viscosity of solutions of, 333 
Sulphanihc aci<l, 215 
Sulphat.es, 53 

(iathartic action of, 354, 355 
out.put of, 070 
oxidation of cystino to, (509 


eslers m. lit 

decoiupohll Kin n| ehdiesteinl in, 
lOS 

discharge of adremilitie tioiii, 
412 

function of, in eonthetM. tl.'t 
hypertrophy caused bv tli.M’iud 
adtniniHl rat loll, 429 
umlatcral removal of. lit) 
Suiuanuiiii, 21 t. Sim* also Ailif*naltne 
Surface of body, riitio of inefabolisiti to 
(595 (59S 

ilcerciiKc <»f proportion to vol- 
ume with growth, 700 
radiation of heat front. 040 
layer of eells, 2S0, 321, 302. 307, 510 
efTecI of couguiating agc*tttH 
on bI met lire of, 331 
nuMlificatton of, tit ilevidop- 
ment . 520 

permenbility of, 2H7, 328, 
304 

for carbon iltoxidc, 408 
Htructura of, 327, 330, 339 
of ovum, oxidationa at, 520 
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Surfaco of j)n)l.(>pIiiHii[i, incrouHO of, in 
(*(Ul-<liviHioii, />22 

t.(‘nHion, 120, 17(5, 225, 254, 277, 310, 
320, 335 

rhaiiKOH of, in imwcular <iontra<t- 
Uon, 40S 501 

o(To<*(. of bile HaltH upon, 110 
of (.(Mnporaturo upon, 472 
otiKino, inuH<^U* rtiaardocl tiH, 497- 
501 

influence of Haponinn upon, 98 
roductaon of, in coll diviHion, 
522, 523, 525 

Sweat, 33 

carbon dioxide output in, 043 
(‘vai)oration of, 040 
fatty acsidH in, 121 
pro(.oinH in, 208 

turnipH, antiHCorbuti<‘- in, 008 
curatiivc ofTec.t of, in Hcurvy, 009 
Sw(‘<4. potato, 70 

fat-HoIubl(* a<u*(‘HHory in, 001 
inuliii in, 153 

WMt(‘i“Holubl(‘ ncccssorv m, (501 
oi lil)nn, 31(5 
ol acini in, 313, 3 15, 31(5 
(»l j<41ich, 107 
<»l pioOnn j<*Ilu'H, 312, 311 
oi I 3 15, 3 1(5 

S\\<'llina-inii\iiiniin, 3 15 
S\\ ininiiiia'-b(>ll oi |(']l%(is}i, 351 
S\viininina-i)l:i<l<l<M oi lislics, 101 
S\l!nl>lc,s, lot a<'i i ina of nicniori/('(l, (53.S 
iiuniioi i/nt ion ol , (53 1 
S\ml)iosi.s, SO 

Sv ininot ic i(»Li( ions ol line! (m in, 7 10 
S\ iiiiiuM 1 \ oi < in \ (‘ oi ai ov\ i ii, 53 1 
in .slim inn* ol (cll,s, 327, 32S 
S\nipnilH'iu ium \ o-rmlina'^, I'iloci ol 
annnos upon, 213 
nci \ OILS s\ sliMii, 13.5 

h\ piMl'M liilblili \ oi , III 
( ll!l\ 4'.s’ <ll.SCJISC, 1.31 
st iinnl.'i f ion by adicniilinc 
oi li.s.sn(*.s iinua vmIcmI by 
MO 

SMiipnllioiiMinoi K' b.‘i.s<‘.s^ 205 
S\rnM<*.sis, 373, 3.S1 
Svnib(^s^^s in mninnl iihSUc.M, 32 
Svnl Ihnsin ol iliHMcchni nil's, 211, 212 
oi iooilsi niTs, 707 
oi Inppui n* iirid, (5(5 1 
ol li'ciihin, 25S 

of nuclei, 510, 521, 553. 5(50, 5(51 
See also Nuclear syndiOHiH 
aiilocalalyHiH of, 550 
auiocatulvHt of, 5(51 
<»f nucleie acid, 520, 525 
of parauuelein by pepsin, 244 
of prob'ins, 152, 2(57, 2(59, 543, (511, 
(587 

by enssynios, 243 
in ttHHUCR, 2(56 

of protoplasm, 528, 539, 541, 643, 
548, 578, 580, 609, 610, 686 


Synthesis of protoplasm, reversion of, 536 
of sugars, 56 

of tisHUOH, 565, 509, 612, 654, 688 
proteins, 596, 665 
of uric acid, 656, 657 
Synthesizing enzymes, 233, 244, 245, 706 
Synthetic action of hydrolyzing enzymes, 
240, 245 

processes in living tissues, 245 
Syphilis, 616 

cholesterol in blood in, 615 
rise of serum globulin in, 379 


T 

Ta(!tiycardia caused by thyroid admin- 
istration, 428 
m Graves’ disease, 430 
Tact, lie stimuli, reflex stimulation of so- 
cietion of gastric juice by, 413 
l^wlpoles, influence of, loeithin upon 
arowth of, 612-614 
inct-ainorphosis of, induced by thy- 
rf)id, 429 

peiineability of slvin oi, 325, 329 
pigmentation oi skin mhibitwl by 
lecithin, (512 

Tagua palm, mannan m seeds of, 94 
'I'ak a -diastase, reactivation oi heat inac- 
tivated, 231 
3'allow, 2.5(5 
'ralosamme, 7 V 
3\i lo.se, (50 

Tannic acid, detect, ion of caibon monox- 
ide hemoalobin by, 392 
luminescence ol, 1(59 
pici'ipitat ion oi pioiein by, 135 
’’I'aniuna, 707 
d'aiianc .'icid, .57, I5S 

Taiiiaies, (‘aihaiiic action ol, 352, 351, 
355 

9\‘iiiiomr acid, (57 

Ta.smanian devil, crystalline foim of 
hemoalobin oi, 398 

Taslc, 413 See also (Siisiaioiy stimuli 
oi arids, oriam oi, 330 
'^rastc-biids, pcneirai.ion oi, 330 
Tam me, 11(5, (5(59 

cxcieiion ol, (5(59 
''raiirocholic acid, 115, 116,669 

piecipitation of proteins by, 135 
Tea-leaves, ademno in, 195 
Teeth, dentin tormation in, 435 

effect of deprival of antiscorbutic 
upon, 609 
fluorine in, 52 
growth of, 42 

Telegraph operators, rate of learning by, 
635 

TeU*ostomi, 284 

Temperature of body, 232, 380, 471, 646, 
647 

influence of, on carbon dioxide out- 
put, 646 



790 


INDEX OF SUBJECTS 


Temperature influence on enzymes, 232 
on equilibrium between lieino- 
globin and oxygen, 303 
on heat output, 690 
on hfe-procesfies, 47 1 
on metaboLsm, 646 
on nucleooytoplasmie ratio, 554 
on osmotic pressure, 280 
on oxidations, 646 
on respiratory center, 476 
quotient, 646 

on synthesizmg enzymes, 244 
on velocity of hydrolysis, 231 
optimum for enzyme action, 233 
range of, compatible with life, 314 
regulation of bodily, 293, 315, 317 
subnormal in myxedema, 425 
Temperature-coefficient, 235, 471 
of activity of enzymes, 472, 473 
of mvertase, 479 
of lipase, 479 
of pepsin, 479 
of rennin, 479 
of trypam, 479 
of basal metabolism, 476 
of cell division, 477, 478 
of coagulation of pzoteins, 479 
of conduction of action cun out in 
muscles, 482 
m nerve cells, 628 

fibers, 480, 481, 628 
of development, 476, 477, 479, 480 
of duration of life, 478, 480 
of heart-beat, 474, 475, 482 
of hebotropism, 482 
of hydrolyses, 235, 472 
of mactivation of enzymes, 478, 
479 

mfluence of temperature on, 473, 476 
of latent period, 482 
of life phenomena, 473 
of muscular contraction, 482 
of photochemical reactions, 482 
of photosynthesis, 482, 483 
of physical processes, 235, 472 
of reaction to cutaneous stimulation, 
482 

of regeneration, 478 
of thermal death, 478, 479 
of tissue respiration, 477 
Tendon, percentage of water iii, 278 
Tenehr%o mohtor, 476 
Terpenes, 103, 104 

detoxication of, 663 
lummescence of, 469 
reactions of, 111 

relationship of cholesterol to, 618 
Terrapin, temperature-coefficient of 
heart-beat of, 474 

Testes, effects of removal of, 419. See 
also Castration 

extract, acceleration coagulation of 
blood by, 384 

interstitial tissues of, 579, 586 
loss of weight of, in starvation, 568 


Testes, production ol H(‘<*ondnry 
characlorH <Iuc b), 117 
transj)liinl.atioii of, Its 
Tel^uiizJition of inuHC.l<s 195 
Tetanolysin, tcinp(M’atur(*-<*o<4Ii<»i<»n( of 
destruction ol, 179 
Tetanus, <>32 

III muscle, 495 
To<4iny, 305 

in (ihil(lren, 435, 436 
induced by i)arathyroiil(»cloniy, 131 
Tetholm, 103, 105 

acceleration of healing of wounds hv, 
623 

delay of sonest!en(*(‘ by, 023 
liydrolysis of, 210, OIS 
influence of, on growth, 580, 019 021 
of bone, 023 
of cancer, 619 
of (^puthelial (issui*, 023 
on multiplication of iNfuHortn, 
619 

prolongation of life by, 020 
i)roperti<‘H f>l, 1)18 
Tetiadccapept.i(l<‘, 150 
Tet ragl y c*y I-gly c i r , 231 ) 

hydrolysis of, by trypsin, 100 
Tetranu4hyl<»ne <liamint*, 201 ScciiIm) 
Putrcsc.ine 

TctranucIeoti<is, 195 197, 200 
Totiapeptid(‘s, 156 158 
ThtilasmcMyii aarvlta, 28 1 
Thnllus, growth of, 358 
Thoobioinirie, 193 

diuretic action of, (>71 
Theophylline, 193 

Tliorinal ehanges in musenlai (‘onliae- 
tion, 5(K) 

<leath, t(*mpc*ral ui(‘-eoellica*nl <>l, 
178, 179 
invaiianecs 317 

Thio-amino-propiona* acnl, I IS S<‘e 
also (^yst me 
Thu St, 3 4 

engendeiMMl by calhaiti<*s, 275 
Thoiane duct, 4(), 252, 255 

flow of lymph m, 102, 103 
Threshold of sensory stiiniilal ion, r>30 
substances in urine, 32<) 

Thrombin, 129, 3S2, 387 
formation of, 389 

inactivation of ant,ithronibin bv, 388 
by anti thrombin, 380 
mode of action of, 384 
production of, from prothrombin, 
383, 384 

propertic's of, 385 
Thrombokmaso, 383, 385 
in menstrual fluids, 421 
Thromboplastic action of x>hospholipins, 

substances in tissue extracts, 385 
Thymme, 191, 192, 201, 202 
Thymol, excretion of, 71 

gelatin, digestion of, by trypsin, 231 
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^'hylnlls, argiiiasc m, 650 

olTuct of (liBonlcrH of, on growth, 579 
extract, a(!c.<»lcrat.ioii of coagulut*ion 
of blood by, 3S4 
function of, in growth, 580 
guanine in, 194 
involution of, 419, 603, (506 
nucleases in, 196 

nucleic acid, 191, 196, 200, 436, 580 
structure of, 201 
pentoses m, 74 
tiercentagc of water in, 278 
tetany induced in ainhly^titia by ad- 
ministration of, 436 

''riiymus-histone, compoun<ls of, with 
hemoglobin, 186 
'’rhyreoglobulin, 425 
hydrolysis of, 42(5 
"rhyroid, 689 

activity, variat.ions of, 433 
colloid-content of, 432 
diseaso, familial occiirionce of, 134 
diHordois ol, 591 

at iHing fiom doficiencv of iodine, 
592 

cdlect of (lisoidiMs ol, on giowth, 579 
ol hy[)eni<*tivi( V ol, 580 
(‘\(iact, 380 

ollcMds ol adnunistinl ion ol, 516 
HMne<lial clhM*! ol, in invMMUMiia 
125 

slnniilaiion ol and aholi.sin by, 
690 

gi^ogtaphical di.sl i ihul ion ol discast^s 
ol, 131 

hvp(Mpla.sia ol, 130 133 
inliinaKa' ol, up(ni niclaboii.sni, 125 
inhoi ilain (* ol iiiMinKaciK \ ol, 133 , 

lodiiK^-coiil (ail ol, 5,{, 367, 125, 132 | 
ovcMshani ol, m nhnt, 13 1 ^ 

pt‘n|oH<‘.s 111 , 7 I ' 

p<*icenlag<* ol v\a((M m, 27S ; 

I hvio\m-<*onl(*n| ol, 132 
i is.sn<‘, acc(»Iei.il ion ol nu'lainoiplio- • 
SIS by, 129 I 

adiniinsi lal ion ol, in dyspiiiii- 
(iiHin, 583 I 

(‘Ih^cls of adnnnisl lalion ol, j 
128 130 i 

vaiialionsol aciivily ol, 5l(i 
'rhyroulectoiny, 128 

in (anpliibinns, 5 16 
olT(‘(i<H ol, 131 
O'byroKin, 430 

(dieinical <*onHt itut.ion of, 427 
content of thyroid, 432 
clTects of injection of, 429 
n(*<wHHity of iodine for manufacture 
of, 591 

reactions of, 428 

Tiger, prccipilan reaction with blood of, 
369 

Tin salts* influence of, upon permeabil- 
ity, 362 

Tirica wdgariB^ 284 
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Tissue cells, cultivation of, %n irihOj 301, 
555, 558, 5(55, 575 
jieriueability of, 380 
transplantation of, 565 
changes in old age, 573 
culture %n vitro, employment of buf- 
fer solutions for, 301 
energy cxiiondituro m accretion of, 
702 

loss of, on a diet high in fats, 684 
proteins, 186, 267, 268 

coagulation-t.empeTature of, 233 
destruction of, m senescem^e, 
596 

disintegration of, 428, 444, 6(59 
products of disintegration of, 
654 

synthesis of, 665 

rate of accretion of, 540 Hoc also 
(Irowth, velocity of 
respiration, influonoo of temperature 
upon, 473, 476 

1 eduction of, by cyanides, 517 
tenipeiaturo-eoefficiciit of, 477 
Tissue-t^xtiacls, acceleiatioii of clotl.iiig 
of blood of, 383, 385 
depiessoi subslunces in, 619 
uiK^ase in, (558 

'Tissue-fats, caloiific value ol, 678 
composition of, 256 
tatty acids in, 121 
Tissu(‘-(hndh, alkali reserve of, 304 
ainino-acidh in, 6(55 
}>iol()gi(*al individuality of, 3(58 
( vl<)Ivti(‘ agents in, 510 
cth'cts ol uanoval ol (‘ahantn fioin, 
352 

iKM'ziiig-poinl of, 285 
hydiogcn-ion com (Mit lal ion ol, 293 
magn(\sium in, 292 
iiunmal const ituenis of, 291, 292 
ncutiahty ol, 294 
nculiali/ang powci ol, 301 
iiiiliKMil, I(*v(4 111 , 5(59, 651 
osinofic picssuic ol, 277 
i(‘a(du>n ol, 298, 31(5, 3(55, 1(57 
uiat(\s in, ()(>1 
UKNi in, (5 IS 

Tissii(*-(>\idMt ions, d('pcndcncc ol d(*v<‘l- 
opment upon, 477 

Tissue's, ainino-acid.s in, 2(5(5, 2(59, 133,(5(59 
biological individualily of, 368 
calciuin-contcnt of, 421, 434 
earl>on dioxide in, 406 
cntboiuc. acid in, 591 
catalase-content ol, 467 
chlorides in, 52 
oholeHtor()l-c.<)nt,cnt of, 61(5 
composition of, 260 
consumption of oxygen by, 476, 643 
decomposition of tryptophane by, 
662 

dooroase of caloriho value in starva- 
tion, 570 

deposits of uric acid in, 659 
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Tissues, destruction of purines xn, 059 
detection of forinaldohycici in, 4fi9 
distribution of cholesterol to, 017 
effects of removal of calcium from, 
352 

electrical conductivity of, 330, 300, 
361 

glutathione in, 467, 610 
glycogen-contcnt of, 440 
hydroxybutyrio acid in, 464 
iron m, 466 

maintenance of sclerous, 678 
manganese in, 610 
manufacture of elycocoll by, 694 
metabolic rate of, 697 
neutrality of, 294, 313 
osmotic work performed by, 593 
oxidations in, 461, 467 
oxidizmg enzymes in, 404 
oxygen-content of, 543 
requirements of, 405 
permeability of, for amino-acids, 208 
for ions, 361 

photosensitive substances in, 483 
products of activity of, (>43 
proportional dcveloimient of, 419 
reaction o:^ 346 

selective absorption by, 367, 593 
sensitization to light by cosm, 480 
spontaneous decomposition of, (>53 
storage of accessory food fa<‘tors by, 
610, 611 

of ammo-acids in, 648 
of antiscorbutic in, 609 
of foodstuffs by, 545 
supply of oxygen to, 698 
swellmg of, 345, 346 
syntheses m animal, 664 
synthesis of, 566, 569, 612, (>54, (>S8 
of ^lyoocoll by, 665 
S3nithetic processes in, 245 
transplantation of, 562, «5()5 
utilization of carbohydrates by, 457 
of nutrients by, 545 
water-content of, 643 
water-soluble accessory in, 605 
wear and tear of, 596, 691 
Titiatable acidity of urine, 307, 672, 673 
alkalinity, 294 
Titiation, 298 

estimation oL reaction by, 294 
Toad-larvae, 429 
Tolerance to citrates, 353 
to toxic agents, 710 
Toluene, 324 

influence of, on crystallization of 
hemoglobin, 397 
membrane-formation by, 508 
Tomato, antiscorbutic in, 60S 
fat-soluble accessory in, 601 
Tonus of intestine, 694 

of muscle, 211, 436, 440, 447, 640 
of skeletal muscle, consumption of 
glycogen m maintaining, 96 
Torpedo TnarmorcUaj 284 
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Tornioii, IiysteresiH due to, (535 
Tortoims esmol le pmsHUi*e of blood of, 28 1 
TortoiHe-shell, prot<iiri in, MO 
Toxemia in pregnancy, 413. S(*e also 
JOclanipHia. 

Toxemins, rise of H<‘ruixi globulin in, 379 
Toxic proteins, Ml 

substances, conjugation of, 662 
Toxicity of heavy metals, 319, 36<5, 367 
of inorganic salts, 359, 361 
of light, 4S3 
measim'mc'nt of, 348 
of sodiiuti <‘.hlori(le, 362 
salt-s, 3(50 

of ultraviolet light, 486 
Tra(*hcMi, sec.tJonal area of, 698 
Traelionia, 689 

Training, influence of, on enieiemy of 
museJos, 445 

Transiulates, formation of, 102 
Trelialose, 84, 8(5 

Treppe. Se{‘ Stairease ph(Mi<»menon. 
^Ylace(ln, hydrolysis of, 235 
synthesis of, ‘243 

Triacetyl g]u<‘ose, synthesis of, 212 
Tnchloraeeti<‘ acal, piei'ipitation of pro- 
tein by, 135 
Ti igly(‘(»rid(‘H, 120 
Tnglv(yl-glv<*me, lt)(), 230, 210 
es((M*, 230 

Trjhy<h’o-tri-iodo-/6f-in<lole propionic rrcid 
427 S(»e also Thv»*oxm 
Triketohy<lrmden(4iyd»rat<s 13t5 Sec 
Nmhydrin 

Tnmethvlaminc*H, 213 
Trimethylgly<‘ine, 200 S(m* al.so Hc- 
bimes 

Tiiinethylhist idiius 2t)0 
Triohun, 122, 255 

hydroxybut yi’K* ncid derivable liom, 
*458 * 

oxidation of, 1t>2 
syn thesis ot, 213 
Trioses, (57 

'Trioxy-gliilanc ae.id, (58 
Tripalnutin, 120, 122, 25(5 

hydroxybutyrio ncnl derivable fioin, 
458 ‘ 

oxidation of, 462 
Trip(*ptideH, 156, 157 
l>iBa(5charid(‘s, 80 
Trislmrin, 122, 255 

hydroxybutyric acid derivabh* from, 
458 

oxidation of, 462 

Tritico-nucloic acid, 195, 200. S<»e also 
Vegetable nucloie acid, 

Triton^ 429 
Tropeolm, 167 
Tropical climate, 647 
Trygm violiojcea, 284 
Trypsin, 22, 167, 202, 223, 228, 229, 2fi5, 
240,270, 272 

conversion of trypsinogon into, 416 
digestion of thymol gelatin by, 231 
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'rryi)Hin, cfToct, of h(»nt upon, 224, 238, 
235 

on pitiiitrin, 210 
hydroIywiH of pn)tcm by, 2;i9 
of protoo«C8 by, 10(J 
mfluon<K5 of reaction upon, 230, 237 
in pancreaH, 464 

product-ion of, from Irytwinogcn, 
335, 415-417 

reacliivation of heat ina(5tivat.ed, 234 
Hynthotic action of, 243 
tomporaturo-cooflfi(dont of inactivtv- 
tion of, 479 
varieties of, 222, 240 
TrypsiriHsplittinj? ferment, 224 
Tryptophane, 136, 137, 141, 150, 157, 
100, 102, 203-2a5, 209, 229,594, 
596, 599, 6«5, ()S0 
abHonce of, from <liet, 2(J4 
kynuronic aci<l derived from, 067 
j)roH<mco of, in preparation of throm- 
bin, 3SS 

put.rofaetion of, 602, 603 
rc'latiofiHhip of thyroxin to, 426 
Hu)>(*uf aneoiiH adrmniHf.ration of, 602 
ufihysafion of, in nleaptonuna, 667 
Tiibcrcuhir diHeaHo of mipraronal fthindn, 
409 

TiibeiculoMiH, I’holoHieiol ae(‘umulationH 
in, 107, 615 

einploynKait ol <*od-hv<‘i oil in, 123 
'’I'ulx'rH, fat-Holul)l<* aeccasory m, 601 
Hfai(*Ii in, 93 
Tub Ilia ns non a, (7S 
'’rnnioiH S<*e ( 'aiicci 

of fiirusal ^land, 5.S6 

’'riin/^iises, al>.s<*Fi('(» ol <h*.snc loi sail 
ainonai 37 

y'atnniia, I'elliilosn in, 92 

'riiil\<*v, owneii ( onsuinpl ion ol, 695 

Tiiini|), piMitohMiis ill, 75 

'I'm p(*iii ni(\ d(‘<‘oni]>osi(ion piodiK'Is ol, 

1 17 

<*l ion of , 71 

'I'lnll^*, <l<*<’M*l)ia 0‘, l('nn«*!a(uic-<‘(M4h- 
cioril of I issm'-M'simalKin in, 177 
osirioiio pt<*sMiie oi bhxxl of, 2<S 1 
'rwins, 1 19 

lot mill ion ol, 525, 526 
'rvpiioid biKMlli, oi, upon solnbihty 

oi ('iiolesOaol, 1 I I 
'rvpiHls, lali'ol Iciii iiiiiK by, 635 
Tyi amine, 201, 206, 573 
'rvroHinaMs 109, 166 
Tyrosims 69, 136, I 11, 1 15, 1 16, 1 17, 1 IS, 
152, 157, I5S, 162, 163, 201, 211, 
215, 109, 591, 6S5, 6S6 
absorplion of, 263, 261, 26<S 

of nllraviolot light by Holutions 
of, 390, 4S6 
<*ont.<ait of eaHcan, 169 
detoxi(*ati(>n of ull.raviolot light by 
Holutiotm of, 487 

<liacetic aeici derivable from, 461,463 
enlumeomont of heat output by, 686 


Tyrosine, oxidation of, 466, 667 

production of homogcntisic acid 
from, 660 

of tyrarnino from, 206 
j)utrofac<»ion of, 602, 063, 600 
in urmo, 670 

U 

Ur/TKAViOLMT light, abHorpt.uin of, by 
HohitioiiH of protein, 390, 486 
detoxication of, by HoUitJonw of 
protein, 487 

effect of, on enzymes, 225 

on fat-soluble accessory, 
002 

on water-solublii ac<ios8ory, 
605 

formation of formic acid by, 400 
of hydrogen peroxide by, 
490 

inactivation of onzymos by, 235 
lack of efYoct. of, on ant,iscoi’bu- 
t.ic accessory, 608 
photosynthesis of nitiogenous 
compounds by, 494 
polymei ization of ioiinaklchyde 
by, 490, 491 

synthesis of formaldehyde by, 
490 

t.o\ieity of, 483, 186 
ITneonscious mernoiy, (>35 
UiKlei-eoolmg, 281 
Vnqulaia^ 658 

UiiK'elluIai' animals, glve<»g(Mi in, 95 

miiKaal ie(pui<*in<*nlH ol, 593 
oigiinisms, 315, 316 

glim I h of, 5i2, 563 
iiiHuen(*(* ol bios on growth ol, 
591 

polenliiil immoitiilily oi, 571 
^i(‘pio<hiel ion ol, 5 17 
lit iliziition oi, in miinulael UKS 
707 

Unilabnnl piMinisabibl y, 325 328, 331 
Ibisal iirabxl linkiigi^ m laity a<‘ids, 121 
ill oleat.e,s, 123 

Uimnitiiig liactuic's, a<*e(4eiation oi 
union by tc4 helm, (>23 
Uraeil, 191, 192, 195, 200, 201 
mononu(4eot 111, 198 200 
Uiaeil-eytosm dmueleotid, lt)8 
Uianiuin salts, acceleration of pliotosyn- 
t.hesiH by, 490 
nephritis induced by, 259 
Urates m bloo<l, 661 
Uma, 32, 33, 153, 341, 350, 587, 647 
in blood, 375, 379 
calorihc value of, 678 
(MulogenouH produet.ion of, 654 
formation of, 266, 299, 435 
from uric acid, 658 
heat, of solution ofj 078 
induoncc of benzoic acid upon out- 
l)Ut of, 665 
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Urea, origin of, 650 

output of, 261, 326, 664, 672 
on a purine-free diet, 657 
permeability of eiythrocytes for, 290 
preparation of uric acid from, 666 
production of; 441, 648, 649, 652 
from argmine, 651 
in starvation, 688 

proportion of, in total nitrogenous 
output, 648, 650 
of uric acid to, 655 
segmentation of eggs caused by ad- 
dition of, to sea-water, 503, 504 
structural formula of, 651 
synthesis of, 307 

variation of output with protein in 
diet, 653 

Uric acid, 193, 215, 599 

accumulation of, in gout, 659 
coloration of crystals of, by 
uroerythrin, 671 
decomposition of, m liver, 658 
excretion of, 612, 655 
formation of allantoin from, 658 
output of, durmg performance 
of muscular work, 442 
on a purino-free diet, 656, 
657 

proportion of, to t otal nitro- 
genous output, 649 
of urea output, 655 
permeability of kidneys foi , 660 
production of, 465 
in birds, 649 
reactions of, 656 
reagent, 215 

solubility of, in blood, 659, 660 
of salts of, 660 
synthesis of, 656, 657 
transformation into allnntoin, 
657 

variation of oiitj^ut with intake 
of purines, 669 
Uncase, 658 
Uricemia, 659 
Uricolysis, 658 

Uricolytic index of various iiuiinalH, 658 
ITridme, 195 
Uiine, aciditv of, 673 
adenine in, 196 
ammo-acids in, 661, 670 
ammonia in, 299, 307, 652 
aromatic oxyacida m, 666 
bicarbonates in, 307 
bile m, 118 
calcium in, 355 
carbon dio\ide output in, 643 
chondioitm-sulphuric acid in, 101 
composition of, normal, 673 
creatine in, 211, 418, 435 See also 
Creatinuria. 
creatinine in, 211 
diabetic, 454 
diamines in, 206 
disaccharides m, 249 


Urine, ofToctH of adronalino upon H(*crt*« 
tion of, 410 

enhancement of volume of, by pitu- 
itrin, 422 

freezing-point of, 283, 326 

glucose m, 76. Hoc also (JlyeoMuria. 

glucuronatcH in, 662 

glyccrophosphoric iicul in, 1 28 

inosiU)! in, 106 

lactic acid in, 440, 645, 617 

rnagnoHiuni in, 355 

mechaniHtn of secretion of, 326, 4 18 

rnethyl-guanidino in, 210, 4.35, 43(i 

nitrogen output in, 202 

oxalic acid in, 647 

phoHphattis in, 258 

pigment.H in, 670 

polypeptides m, 661 

protein m, 135, 260 

speeifuj gravity of, tS72 

sulphates in, 355 

Hiilphoeyanuies in, 670 

sulphur derivatives m, (itil, titSS 

titratahl(‘ acidity of, 307, 672 

urea in, 618 

volume of, (>7l 

Urinifmms tubules, p<Tin(*abilit v of, 32() 
Urobilin, 670 
ITrobilinogen, (>70 

m lec(‘s S<‘<‘ St(*rcol)ilin 
Uiochrome, (>()0, 670, 671 

relationship of, to chlorophyll, (>7I 
Urocrytlirin, 670, 67 1 
UroiOHCin, 66 

Uterine coniract.ions, ongin of, at t(‘i- 
inination oi pn^gnancy, 122, 12] 
wall, proliferation of, 121 
Uterus, 120 

contra(*l ions oi , caustMl by eolosti urn, 
(21 

hy hydi’olyzcMl (<4h(*Iin, (>1.S 
crcatini*-<’ont(*nt ol, 1 17 
creatinuria during inyoltilion oi, 
211, 4IrS 

erFe<*t oI split-pn>du(4s ol tetlndin 
upon, 216 

hyj)enrnt.ahility of, 121 
infliKMiee of ergarnme uiion, 2()() 
of indolethvlamiiK* upon, 206 
of pituitnn upon, 215 
of tyrosine ujxm, 206 
inyolut.ion of, 443 
irritalnlity of, 422, 421 
stimulation c>f outgrowth of plae<mta 
from, 580 
by pituitrm, 422 
Utilization of diet, 51 

of nutrients by tissues, 545 
of phosphates, 63 


V 

Vagus, glycosuria caused by stimulation 
of, 449 
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VaguB, sooroioniotor fibers of, supplying 
piincroas, 436 

Valency of procipitaiing ion, 174, 175 
of proteins, 378 
riilcj 176^ 179 
Valorianic acid, 121 

mpTnbranc-format.ion inducocl 
by, 505 

Valine, 148, 162, 20i 
in blood, 264 
Valyl-glycme, 239 

Van Slyke apparat.us for deterniining car- 
bon dioxide in blood, 303 
Variability of birtli-woiglit, 422 

of <luration of gOHl.al.ion, 422, 423 
mlKTilanoo of, 510, 567 
of living iiial,t<‘r, 26 
inonHunMiUMit of, 123 
VaHciiInr Ic^sions duo to hv])orlonsion, 200 
in old ago, 573 

systcMu, tnaini(wian(*o of integrity of, 
' 5 15 

VaH <loferonH, 118 
ViiHolino, 255 

VMH()<*onHlii<*li<>n inducod bv a<lronaline, 
200 

by ergainin(», 207 
Vasoinolor theory o( Hleep, 035 
Vmfrhvna, 35S 

\'<*g<4abl<‘ <Ii<4, <*on,s(*<ni(Mi<*<* ol subsisling 
on, 3(> 

NNMHlagc* on a, 602 
ials, lal-solubh' iaeloi in, 11 
111 ill /a lion ol, 257 
ioodsliiffs, pioi(MnH‘onlenl of, 001 
glu(‘, 700 

i\orv, ninnnan in, 01 
nucleic :u*id, 101,202 Sc<* also Ti il i- 
<*o-nuclcic a<*i(l 
oils, 122 

la I -.soluble acc<',s.soiv m, (>0I 
tall \ ai ids in, 121 
hv<]iog<‘nal ion oi , 1 22 
la<*I\ ol lal-M»lMl>l<‘ acc(*H.soiv in, 
<>S5 

pn)<(»n.sc,s, 210 
pioOMMs, 13 1, 130. (»02 
lisMK's, caliM'liol (Icrival iv(*s in, I0(> 
ia1-soIiibI(‘ ii(‘<'<‘HS()i V in, (>()1 
\ ('gclabl(‘s, 31 

ani iscorbiil n* in, OO.S 

(Mil alive aelioii ol, in scMirvy, 607 

non in, IS 

iniiKMal (‘onstitiKMils ol, 601 
oul put of liippurie acid inenMiHcd !)y, 
60 1 

potaHSUiin salts in, 35, 307 
silicates in, 52 
V('getariamsrn, 35, 001 
conscMpieiKies of, 252 
dangers of, 093, 604 
V(4ocity of clieinical reactions, 174S 

efToct of temperature upon, 
471 

couHiiaiit of growth, 570 


Volocttty, ronstant of preeipitation, 179 
of growth. See (Growth, velocity of. 
ofhydrolysiH, 218, 219, 221, 225-227, 
229, 230, 237 

influence of temperature upon, 
237 

of precipitation, 179 
Venom, hemolysis by, 129 
Vermes, 285 

Vertehrala, 52, 370, 396, 415, 575 
Vertebrate blood-sera, mineral composi- 
tion of, 292 

Vertebrates, ancestry of, 292 

osmotic onvironmont of, 293 
reaction of blood of, 298 
Vibnolysin, tomporal.urci-coefliciont of 
<lostru<jtion of, 479 
Vinegar, acetic ae.id in, 121 
Vinyl-triinothyl-aminoruum hydroxide, 
21 2 See also Neuriiie. 

Viscera, gly(».ogcn in, 96 
ViseoHiiy, 277 

elfee.t of, on conductivity, 333 
of temperat ure upon, 472 
of emulsions, 323 
oi iihns, 321 

innuencc of, upon diffusion, 333 
of jellies, 335 

of i)iot(Mn solutions, 331, 332, 334, 
331) 

pi otophisni, 331 

1 elation of, to piolopl.isniK* stream- 
ing, 501 

f (MiipcM at ui e-eo(‘fli(M(Mit. ol , 235 
Vision, 635 

Visual fic‘ld, eontraelion of, in pifuitaiy 
(lisoid(*is, 5.81 
Olga ns, |.S3 
Vilal loie(‘, 6.S2 

\ ilainin, 11, 215, 593, 600, 001 Si^ealso 
\Va I (*i -soluble iiee(‘ss<)i v 
Vil(41m, 150 

ViIkmmis huinoiii, piolems in, I 12 
Vividilitision, 205 

\ old ion, I mi(‘-ielal ions ol (‘\<*(Mifion of, 
.559 

Volume, of culture medium, infliicMice of, 
on growth ol yeast, 
559 

on iepioduetiV(‘ rnt(' of 
cells, 550, 556, 559 

Voluntary movcinenl, timi‘-relatioiis ol, 
632 

W 

Wahkauw, waHt.ago of food valiuNs in, 255 
Wmm-blooded animals Hee llomoio- 
thermal animals 

Wasps, prodiKit.ion of waxes by, 125 
Wassermann reaction, 379 
Wasto-produc».ts, carbonaceous, 0 17 
nitrogenous, 017 
of tissue activity, 043 
Water, 31 
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Water, absorption of, from intostmo, 
274, 326, 363, 364 
in renal tubules, 410 
emulsification of, in oil, 322 
entry of, into the egg after forliiliza^ 
tion, 614 , 

function of, m protoplasm, 277 ^ 

goiter caused by fecal conitwnination 
of, 432, 433 

imbibition of, after fertilization, 610 
permeability of cells for, 346, 340 
of frog’ls skin for, 360 
of tissues for, 361 

pollution of, in relation to thyroid 
disease, 692 

proportion of, in blood, 370 
requirement of, by animals, 34 
specific heat of, 314 
sterilization of, by ultraviolet light, 
483 

vapor, 33 

Water-content of embryonic tissues, 670 
of tissues, 278, 643 
Water-rich phase in jellies, 336, 337 
Water-soluble accessory, 216, 600, 003, 
604. See also Vitamin 
effects of deprival of, 000 
necessity of, for growth, 005,007 
storage of, in tissues, 005 
Wax palm, 126 
Waxes, 103, 124, 265 
lummescence of, 460 
Wear and tear of tissues, 690, 063, 091 
Weight, senescent loss of, 571 
Weir Mitchell treatment, 64 
Weyl’s reaction, 212, 666 
Whale, white, 126 

Wheat, alcohol soluble protein in, 690 
biological value of proteins of, 093 
flour, effect on rcgonorat.ion of hemo- 
globin, 60 

giowth of roots of, 358 
nufloic and in, 196, 200 
piotem in, 139, 140, 102 
mffinosc* in, 89 
.^flos^eiol in, 111 

Wheehn nnd Johnson's mu'tion ftir i>yri- 
midinrH, 102 

Whi((‘ ol ogg S<»(» .Albumin 

Widal lead ion, 192, 11)1 

Willudiny’s law, 218, 237 

Wifdei ,Ml(‘ej) of Iidii'i naf ing aniinal,s, (ill 


lespiia (orviiiiot lonf in, 
()ir> 

Wollaston’s test for cysf.nie, (>70 
Women, oroatmo m urin(‘ of, 211 
Wool, protein m, 140 
Work, origin of energy exjiended m, OKI- 


output of, 646 
performed by musclo, 498 
Worms, intestinal, 246 
Wounds, acceleration of healing of, by 
tethelin, 623 

healing of, 566, 616. See also Kegoti- 
eration, 666, 615 


Xanthink, 193, 194, 060 

production of uric u<*id from, 'Kio 
Xantiiinc‘-oxidase, 050 
Xanthophyllt 001, 002 
Xanthoprotede reiiet.ion, 135, 130, 153 
Xerophthalmia, 002, 003 
A'-ray, 354 
Xyhmo, 324 
Xylose, OK, 09, 76, 251 
inut4irot4i1ion *>ft 79 
production of, froni glueurome and, 
72 

Xylitol, OH 


YtSAHT, 43, 07. K4 

acceleration of growth of, by bios. 
559 

antimairit.it* ag<‘nt in, ($05 
Hu(.ocataIyHf contained in, 551 
biological value of pro(cin.s or, (V93 
ext met, a(»cclcrat ion of divisioti of 
iri/uMorta by, 557 
autocatalyst in, 552 
“bios” in, 500 

influc»iic(‘ of, upon grow lb, <>07 
glutathione in, 407 
glycogiui m, 95 

mflucncf' of bios on growth of, 591. 
000, 007 

of volume of culture niinliuiii 
ui)on growl h of, 550, 559 
mvc‘rtaH(‘ in, 221 
maltase in, 23K, 211 
multiplication of, 551 
nucleic a(U<l, 195, 190, 202 Sre also 
V*‘gctablc nui’lctc arid 
arul 'I'nl ico-nurlric and 
hydrolysis of, 197, 199 
structure of, 198 200 
raflinose in, 89 

specifn'ity of fcTiut*nfatiou by, 
utilizal.ion of, in manufacture, 707 
water-soluble accesHorv in, liOii, 001, 
(iOO 

zymase in, KiO 


Z 

Zkin, 137, I 10. 102, (>85 

ab.s(uic(M>i flee aiiiino-groupH in, 105 
inadciiiiacy of, to maintain nitrog<*ti- 
ouH c(iuilibrium, 595 597 
Zin<‘, 52 

action on drying oils, 12*1 
lactate, 446 

salts, influence of, upon pemieabil- 
ity, 362 

sulphate, antagonization of sodium 
ohloridobv, 357 
Zymase, 101, 466 
coenzyme of, 225 
Zymoids, 3^8 
Zymotic disease, 711 






